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Abstract -Many chemical reactiaons, besides the main product
yield also an inorganic salt , e.g MgCl, or AlCl,. Such a
salt was found to react with commonly used transigicn metal
chlorides. Depending on molar ratio, different ionic or
molecular complex compounds are formed, so what essentially in-
fluences the reaction mechanism? The results of the effect
of MgCl_ on Grignard reagent composition, its reactivity and

activition of Na molecule are presented.

INTRODUCTION

In the synthesis of transition metal compounds in low oxldation state, the
most freguently used initial substrates are the transition metal chlorides
MCl ,while the Main Group metals M’or their organcmetallic compounds are the
reducing agents. Ethers or other polar compounds are used as soclvents (D).

Mmci_ o+ ™ __Q_) EMCln_l(D)] + [M'CLCD3] 13

HCln + M*'-R ~9—> EM(R)Cln_1(DJ] + [M’ClcDa3 23
Depending on the substrates molar ratio different products can be obtained.In
reactions 1 and 2, beside transition metal compounds, M'Cl also is formed. Such
inorganic salts were thought to be the side-products,not involved in the reac-
tion. So the guestion arose, whether an inogranic salt formed in reactions
1 or 2 and analogous reactions, is chemically neutral or whether it reacts
with either substrate or the products or both, If the answers were
affirmative, such a salt could essentially influence the reaction mechanism
and composition of its products. The problem will be discussed basing on

selected examples of our studies, which comprise mainly the reactions between
mMgCl., ALCl_. and some commonly used transition metal chlorides. Magnesium
dichloride was chosen because it is formed in reduction reaction of MCln with
metallic magnesium, and is a component of the Grignard reagent.Another reason
was the fact, that catalysts based on magnesium dichloride are very important
in the field of polymerization of ethylense and propylene process (ref.l1).
Instead,AlCl_ as a lLewis acid is used in many reactions and is a component of
some Ziegler—-Natta catalysts.

REACTIONS BETWEEN MgCl, AND MOLYBDENUM CHLORIDES

We have initiated our studies with molybdenum pentachloride MoCl_, used as an
initial substrate in synthesis of many complexes e.g. trans—ENc?N p) (dppe)al
and other low valent compounds. In such reactions the magnesium turnings are
used as a reducing agent (ref.2). It is known that dissolving of MoCl_. in THF
can produce CMDDCIE(THF)EJ and for that reason this compound is used as a sub-
strate.

————— >
HgClE + Mg [MgCla(THF)E] + Hg €33
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Since MgCl. is insoluble in THF we have used [MgCl_(THF)>_J, obtainred in the
reaction 3 (ref.3). The reaction between [MgCl (THE) J and C[MoGCl1_C(THFJ>_1 in
in THF proceeds easily. Two different compounds can Ee obtained depending on
the molar ratio of the substrates (ref.4)

2LMo0Cl (THF)EJ + [HgClE(THF)E] ————— > [Mg(THFD

3 ]EMDOCl%(THF)Ja )

I
Reaction 4, at 2 : 1 gives rise to the formation of the compound, I. In this
reaction the molybdenum atom is a more powerful Lewls aEid and removes both
chloride atoms from CMgCl_C(THF)_J] to produce CMg(THF)_.] and [MoOCl (THFJ1

ions. Compound [ reacts further with CNgClE(THFJa] to produce compound II.

5]

_____ > —
I + BEMQCIE(THFJE] EEMgE(p Cl)3(THF)B§EMoDCl&(THF)] 53
I and Il contain the same L[MoOCl (THF)]—anions.The difference lies in cations.
In reaction 5, the hexakis(tetrahuydrofuranimagnesium(IIl) geacts with three
equivalents of EHgClE(THF) ] to yield two CMg (p—ClJBCTHF)SJ cations, and
EMDDCl%(THFJ] anion remains probably unchanged.

2+

+
EHg(THF)GJ + EENgClECTHF)e] —_——> EEHgE(p—Cl)atTHFJBJ (863

REACTIONS BETWEEN MgCl, AND TITANIUM CHLORIDES

We have carried out also the series of reactions between [TiCl (THF3_31 and
EMgClE(THFJ J to explain the unigue role of MgCl_ as a component of catalyst
in &-"plefin polymerization process. Three different complex compounds may be
obtained depending upon molar ratio in which they are combined (refs.5 & B8).

ENgClECTHF)EJ + EETiCl&CTHF)E] ————— > [MgETHFjﬁjtgiﬁlS(THF)]E (73
IIT + ENgClE(THF)e] ————— > EEETHF)&MQEF;Sl)ETiCl%] q:p
v + EMgClE(THF)a] ————— > ENgE(p—Cl)B(THF)63E31C15(THF)] 83
Equation 7, with MgCl_: TiCl, A =1 : 2 gives compound III. The titanium atom

exhibits the acid properties becag§e it removes chlorine atoms from magnesium
dichloride to give the [Mg(THF)_J  cation and LTiCl_(THF)3 anions. The mole-
cular compound IV,1s formed in reaction 8.The accumulation gg negative charge
associated with the coordination of six chlorides around Ti causes its acid
properties decrease.Consequently,the chlorides became more basic and dislodge
the THF moleculss from the coordination sphere of solvated magrnesium cation.,
This allows the formation of a heterobimetallic molecular compound IV.In this
context the acid and basic properties of both metal atoms in IV have to be
similar. In eqg. S8, between compound IV and (MgCl_<THFJ_J the magnesium di-
chloride also shows basic properties because it remdves tEe MgCl cation fram
CCTHFD Mg(p—gl)ETiCl ] to produce the Eﬂge(p-ClJSETHF)E ] cation and

ETiCl5 THF>J anion ?ref.a)

ENgClE(THF)E] + EMgCl(THF)5]+ ————— > ENgE(p—ClJE(THFJEJ+ 103
The sbove results comprise mainly the mutual interaction of MgCl_ and TiCl .

However, in thg polymerization process the active catalyst center is widely
regarded as Ti .For that reason we have examined the seriess of reactions be-
tween [MgCl ETHF)E], ALCl_, and CTiC1_CTHF)_.l, under various conditions. These
compounds da not react muguallg. Insgead,f?iCl (THFJ>_ ] in reaction with 2Z2nCl

forms L[ trans—TiClE(THF)%]EZnClBCTHF)] compoung (ref.73. e

R 1 1 > .
ETlCla(THF)al + ZnCle [trans TlClE(THFJ%]EZnCla(THF)] (117

In a similar reaction with SnCl&the Etrans—TiClE(THFJ&]ESnClS(THFJ] compound is



Inorganic salts in formation of complexes 863

formed (ref.B8). The understanding of the unusual role of MgCl_ and other in-
organic salts required explanation, why CTiCl_(THFJ)_l reacted with 2ZnCl_ or
SnCl, but not with MgCl_, and ALC1_? AlCl_ iS more powerful Lewis acid Ehan
ZnCl_ .Nevertheless ,it does not form the compound with [TiCl_C(THF)_1.It seems
most likely, that the course of the reactions discussed here depends first of
all upon equilibria formed in a solution.The [TiCl_CTHFJ_J1 and ZnCl_ or SnCl
undergo ionization in THF. The ions in solution would react mutually. The
equilibrium in solution would depend upon the least soluble species formed in
solution. From our data and others (ref.89) it follows that the [MC1_CTHF)1]
( M =Ti, Z2r, Sn or Hf) type anions form with cations in THF the least soluble
compounds which settled down in a solution and cause the shift of the reacti-
on eguilibrium. Instead, in the ETiClBTHFJ 1, CMgCLl_C(THF>_1 or AlCl_ tetrahy-
drofuran mixture the least soluble is ETiC? (THF)BJ. Addigional con?irmatiun
of this conclusion is the reaction between (MgCLl_C(THF>_ 1 and CNBu 1CBF 1]

2 2 4 4
salts (ref.10a’.

+ ——> e +
EENgCle(THF)E] EENBU%][BF%] ENBu&]EENg5§%] 2THF EEMgClETHF)SJEBF&](le)
+
[NBu, 1 cation exists only in the ionic form and its direct interaction with
bis(%gtrahgdrofuran)magnesium dichloride was not eégected. Theoretically, the
[BF, 1] anioTscculd form different compounds with Mg .Such a possibility, how-
ever, was F NMR excluded . This indicates that the course of reaction 12

can thus be explained only as the ionization of ENgClE(THF)E] in THF (ref 10a).
THF. + 2-
3EMgClE(THF)e] s==== EEHgCl(THFJSJ + ENgCl%] (133

The conductivity of IMgCl_(THF)_, ] in THF 1is low and equal to 0.5pS. This
is indicative of small amount of ions in solution.Addition to bis(tetrahydro-
furanimagnesium dichloride [NBu JLBF 1 in THF results in precipitation of the
least soluble icnic compound VI (eq.?aj followed by a shift in equilibrium of
reaction to the right. Egquation 13 shows the simplified situation. The ions
which remain in solution would then react mutually and/or with substrate.

CMg(THFS ]a++ BEHgCl(THF)SJ -

3)
+ +
2CMgCl(THF>_3 + 2CMgCL_CTHF)_1 -—-———- > -
g T 5 EESEClE(THF)EJ_ EEMgE(p Cl)B(THF)SJ 14
EENg(THF)SJ + E[MgC13] -
The EMgCl%]E—anion was found to react easily with TiClht and TiClB.
THF
i + VI —=——- > i +
EETlCl&(THFJa] VI ENBu&]aETLClBJ ENgClECTHF)a] (153

VII

Yellow compound VII is unstable and under influence of light in THF solution
it undergoes reduction to blue [NBu i{trans-TiCl (THF)E]~THF, VIII,and simul-
taneously a white ENBu&]ECl] salt precipitates.

VII -z5=- >INBu, JLtrans-TiCl (THFJ)_J + ONBu 1[Cl1] + 1/2HCl + 1/2C_ H_OCl (163
4 VITI 2 4 47

In post-reaction ixture,HCl and C H_O0Cl were MS/GL detected.In VIII, titanium
atgm exists as Ti, which points to the reduction of titanium Ti4+(in VII) to
Ti (in VIII) wunder influence of light and THF. Similar effect was observed
during reaction 18.

REACTIONS BETWEEN MgCl, AND FeCl; OR AICI;

It was found, that among the trivalent transition metal chlorides only FeCl
reacted -with MgCl_ to form an ionic compound IX, This compound is unstable.
Under influence g? light the Mg-Cl bond undergoes splitting and the iron Fe
is reduced to Fe . As & result the molecular complex compound X is formed.
The existence of MgCl cation was esarlier frequently postulated.However, only
now it was evidenced by X-ray method in compound, IX,(refs.1l &12).To find out
whether the MgCl cation would arise also in other reactions, the similar re-

3

3+
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FeCl_ + CMgCl_CTHFJ_3 -IEE—> [MgC1C(THFY _1CFeCl 3 THF 173
3 2 2 IX 5 4
hy
————— — +
X THE > E(THF)&Mg(; Cl)EFeCle] + 1/2HC1 1/8CEH7DC1 iB83
action was carried out with ALCl_. Aluminium trichloride, like FeCl_, easily
produced EAlCl%] . During this reéaction, the new compound XI, similar with IX
AlCl3 + [MgClE(THF)EJ —IEE—> [MgCl(THFJSJEAlCl%]-THF €193

XI
compound was obtained, in which CMgCl(THF)_1 cation alsc sxisted. Interesting
was the formation of compound, XII, when %De same reaction proceeded in etEgl
acetate.In that compound beside of EAlCl&J exists also EHg(CHBDCDCEHSJS]
cation (ref.13).
CH DCDCEH5
Ja] ———————————— > [Mg(CH_ OCOC_H_3 JEAlCl%] 20>

3 2 36

AlCl3 + EHgClE(CH3DCDC H o

(=

REACTION BETWEEN [ZrCI{THF)},] AND THE GRIGNARD REAGENT

The reported results proved that the inorganic salts could react with substra-
tes and with the reaction products.Now are presented some examples to show how
[MgCl_(THF)_] could control the reaction course.It is well known that in rea-
ction between the Grignard reagent and [2rCl_ (THF)_1 the organometallic compo-
und ZrR% is formed, along with magnesium dichloride (refs.l14-16J.

————— >
&CNQ(R)Cl(THF)X] + EZrCl%(THFJa] ScEk ZFR& + %EHgClE(THF)e] 21l

When Grignard reagent is slowly added to C[ZrCl (THF)_J at a '%/1 molar ratio
in THF compound CMg(THF)> _1C02rCl_J, XIII, separates out (yield 58%). The compo-
sition of XIII suggests that It is formed by & secondary reaction between

the substrate EZrCl%(THF)a] and the product EMgClE(THFJE],(reE. 17).

EZrCl%(THF)E] + EMgCleETHFJa] ————— > EMg(THF)BJEZrClSJ ezl
XII1

It fellows then, that eq.21 describes only the first stage of the reaction

between the Grignard reagent and (2rCl_ (THF)_J but does not include the forma-

tion of compound XIII. When the yield of compound XIII is taken into account,

the reaction can be written as follous;

&ENg(R)Cl(THFJXJ + EEZrCl&(THF)a] _égéﬁ> ZI‘RLi + XIIT + BEHgClE(THF)a] e3>

The yield of XIII and the course of reaction depend on the sequence of addi -

tion of substrates, e.g. when Grignard reagent is replaced by CMgR_(THFJ_ ] in

the reaction XIII is formed with 54%% yield, only when CMgR_(THF) is added
[ 2

to EZrCl&(THF)E].

EEMQRECTHFJEJ + EEZrCl&(THF)a] -égék> EZrRLt + XIII + EMgClE(THF)E] (24>
However, when zirconium tetrachloride is added to C[MgR_C(THF)_J, Z2rR 1is
. e 2 Y
formed, and compound XIII is not.
[2cCl (THF)_1 + 2CMgR_(THF)_3J —IEE—> 2rR, + LC(THF) mMg(p-Cll_MgR_1 (253
4 2 2 27 258K 4 g @M 2 9tp

This is probably due to the fact that (C[MgCl_CTHF>_J formed in this reaction,
reacts immediately with CMgR_(THFJ)_] to produce compound CC(THF) Hg(P—ClJ NgRE]
This compound has not been isolateg in the pure state although its formation
has been postulated (refs. 18-20).
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INFLUENCE OF MgCl, ON GRIGNARD REAGENT COMPOSITION

The nature of the Grignard reagents "RMgX" in solution is not simple. They
exist in an equilibrium mixture which may involve various mono-,bi- and poly-
nuclear solvated compounds (refs.18-20), e.g. in tetrahydrofuran the equili-
brium is expressed simply, as follous:

EENQCRJX(THFJXJ = === EMgRE(THF)E] + EMgXa(THF)e] (263

+ e+ +

Ease of formation of EMgCl(THFJSJ . EMg(THF)SJ , Mg Ep—CljatTHF) 1l and
CMgCl, 3 ions and molecular compounds Ffrom EMgCle(TEF)E] by the action of
acids in THF, suggests that such species and similar one could be also formed
by reaction of Grignard reagent with other substrates leading to the intermi-
diates in the formation of MgX_ (eq.26).1t was interesting to explain whether
[MgCl_(THF)>_J, a component of %he Grignard reagent, undergoes ionization and
thus Behaves as in reaction 12. It was expected that addition of CNBu JCBF 1
to the Grignard reagent in THF would result in libsration of compound VI and
that only EMgRe(THF)e] and CNgCl(THF)SJEBF&] would remain in post-reaction
mixture,

SENg(R)Cl(THF)X] ==== J[MgR_C(THFJ_ 1 + 3[MgCl (THF)EJ

2 2 2
l’EENBu&]EBFL&] (27>
BEHQRE(THF)EJ + ENBu&]EENgCl%J 2THF + EENgCl(THFJSJEBFLiJ

VI

It was Found, that compound VI was really formed (ref.21). The reaction 27
with ENBU%][BF%] salt confirmed the new equilibrium in Grignard reagent:

BEMg(R)Cl(THF)XJ == BENQRE(THF)E] + EMgCl&]a + EEMgCl(THF)SJ+ 28>
Evidence for the existence of the Schlenk equlibrium 26 is given by the reac-
tion with dioxane leading to the formation of ENgCla(C&H 8] )a], together
with [MgR_(THF)_J (ref.22).The Schlenk equilibrium and equi?igrlum 28 should
be considerted as particular example. The eguilibrium attained in solution
would depend upon the least soluble species formed in solution with given

substrate.

INFLUENCE OF MgCl, ON THE N, REDUCTION PROCESS

When C[TiCl (THF)_J] is reduced by magnesium turnings under N_ in THF, a mater-
ial formulated as TiNMgeCla(THFJ, Xlv, is formed (refs.5 & 23).

EETiCl&(THFJE] + BMg + NE ————— > ETiQ?sECla(THFJ + EEHgCle(THFJEJ (23>
Hydrolysis of species XIV liberates a stoichiometric amount of NH_. This is
indicative of splitting of nitrogen-nitrogen triple bond and the Pormation of
mononitrogen species. Hence it should be expected that the nitrogen atom in
XIV would appear in one of three possible forms: nitride, amide, imide or as
a mixture of all three. In reaction 29 also the magrnesium dichloride arises,
what indicates that this reaction in reality, proceeds in Lewis acid medium
and it would be expected that the nitrogen atom in species XIV has amide cha-
racter Ti-N(MgCl) _CTHF)., If it really is so,it could have been expected that
the insertion reaction of carbon monoxide intoc the titanium-nitrogen bond

would be possible.

Tl—N(NgCl)a(THF) + CO _§§EE> (Al ——=——— > (CHaJENC?CH3 30
XIv 73%
Species XIV in reaction 30 yields the product [A]l which in subseguent reacti-
on with CH_I produced 73% (CH3) NCOCH,, i.e.the expected compound with amide
group. To obtain additional con?irmatlon of the amide character of the nitro-
gen atom, species XIV was oxidized with stoichiometric amount of I_,toc trans-
form the amide character of the nitrogen atom into imide one. Theé reaction
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between diiodine and species XIV proceeds as follows:

Ti-N(MgCly + 1/21, —z==—7 > T=N(MgCl> —Eg—> Ti(NCOXMgCl (311
2 2 -MgCll Yy

For simplification, the coordinated THF molecules were omitted. Compound XV
entered into stoichiomg%ric reaction with CO to yield the isocyanate compoud
XV with (J(NCDJ 2187cm ~ ) what is indicative of imide character of nitrogen
atom in XV. The oxidation reaction of XIV by I_ follows most probably the pa-
ttern of amide deprotonation or imide protaonation (ref.24)

.

iﬁggi; Ti=NC(MgCLl)1~ (32)

+MgCl

M-NHa <==:= M=NHJ €33)
+H

Tl—N(HgCl)E

The presented results proved that the N fixation process proceeds in the
acid medium created by the magnesium dicgloride (reaction 23) and it is now

obvious that the nitrogen atom in TiNMgEClE(THF) has to have amide character.
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