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(1)

ARSTRACT

The possible mechanisms by Wﬁioh an alkyl group may transfer from
one meihal fc another have been:ﬁeviewed, together with evidence for these
‘mecianisms. The nature and properties of the organic derivatives of the
Gréup IT metrls have been reviewed, with particular reference te the
eikylmesal halides.

In the present work the relative rates of reaction of dimethylzinc,
diethylzine and‘di-nwpropylzinc with phenylmercuric chloride were found to be
in the order

Me,Zn { Bt,Zn < n-Pr,Zn
(100) (450)  (1660)

in refluxing diethyl ether, by competition experinents in which mixtures
of two dialxylzines were allowed to reaot with a deficiency of phenylmercuric
chloride. The mechanism of the reaction of a dielkylzinc with phenyl-
mercuric chloride under these conditions is suggested as being an SEi one,
involving a closed, four-membered, transition state., The same dialkylzincs
reacted at the same rate with phenylmercuric chloride in tetrahydrofuran in
similar competition experiments.

The reaction of diethylzinc with phenylmercuric chloride was too
fast to be followed kinetically, in both solvents. Similarly the reactions

of phenylmercuric iodide, ethylmercuric iodide and mercuric iodide with




(1ii)

tetrahydrofuran solutions of "ethylzinc Zodide" were too fast to follcw
kinetically.

Invgstigations into the nature of "ethylzinc icdide" solutions
have shown that monomeric EtZnI does exist in both ethereal and tetrahydro-
furan soiutions. The existence of EtZnBr in tetrahydrofuran is suggested.
In these studies use was made of both N.M.R. spectroscopy and the fact
_that it was found in the present work that N,N,N',N'-tetramethylethylene-

diamine forms 1 : 1 solid complexes with these ethylzinc halides.
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INTRODUCTION



THE MECHANISMS OF METAL TO METAL ALKYL BEXCHANGE

The reactivity of orgenometallic compounds

A 1arge.range of properties is exhibited by organometallic comﬁounds.
For those in which a carbon atom is Jjoined to a highly electrcpositive
metal such as sodium or potassium a high dsgree of ionic character is shown.
In 1he compounds of the Group IT and IIT metels the ionic character gives
way to a covalent one, and some of these compounds show associatione
Whilst the compouhds of the Group I metals have, in general, high melting
points, those of Groﬁps II and IIT have low melting points, High chemical
reactivity is a feature of most of these compounds. Many of them react
with oxygen end molecules containing active hydrogen or halogen, with
halogens themselves, and carbonyl groups. The exchange 6f alkyl groups
from one alkylmetal to another, or to a metallic halide is alsc a feature

of the chemistry of these compounds,

Scope,

In this chapter it is proposed to review the possible mechanisms by
which an allyl group may transfer from one metal +o another, The influerce
of vericus factors such as inductive and steric‘effects and solvent effects
tupon each mechanism will also be discussed. Evidehce for each of these
mschanisms in alkyl exchange gained from kinetic and stereochemical

studies will then be examined in the second part of this chapter.



Part A: Possiblzs mechanisms

The first four mechanisms are examples of electrophilic substitution
at & saturated carbon atom, and several reviews have been published on

this subject "1,2,3,4].

(i) Unimolecular electrophilic substitution. (SEl)

The nature of a carbon to metal < bond is such that to a greater

or lesser extent it may be written as —fCa— — M6+. The SEl mechanism

K

¢

depends on this nature reaching its limit, and is written :

p-M, —y g7yt

1 ‘ (1)
R‘+1\12*—-§9-‘31°-_-§R—M2,}

First order kinetics would be expected for a reaction proceeding by this
mechanism. If the a—-carbon atom of the group R were a centre of

asymmetry it would also be expected that this would undergo racemisation

in sucha mechanism, However, this mechanisin would be expected to be
‘promoted by nolar sclvents, in which optical activity might be unstable
~enywey: although the carbanion would be stabilised if it contained a group
which could accommodate the charge, e.g. by resonance. Added salts would
accelerate the reaction by increasing the polarity of the medium, ﬁ groups
having a +I effect would reterd the mechanism and those having a =-I
effeét would assist its This mechanism i; a perfect analogy to the,SNl
mechanism, apart from the last consideration, in which the converse would

apply.



(ii) Bimolecular electrophilic substitution (SE2)

The Sj2 mechanism, written as :

BT \ - e
»M++R-“Ml"-—"=‘";'R M v+ 1 (2)
should show second order kinetics in dilute solution with the reactants
in approximately equal concentrations. Two transition stateS are possible

for this mechanism :

o+
{ i
; i b
, i e
ey s + S
Mt — e Ty —> I C oo
‘[ S !“ - \wn.,.- &
/| /4 <
I~ P f"-:&
H ) ¢ P e
2 N M
A 2

(1) - (11)

Ualike the SNZ mechanism the attacking entity does not bring its bond
electrorns with it so there is no compulsion for a transition state similar
to (I) to occur, leading to inversion of configuration at the a-carbon
atom, Thus on theoreticel grounds it is not possible to predict whether
retention or inversion of configuration should be the rule for SEZ.
However, it has been shown by wave mechanics [ 5] that the optimum angle
betwesen the ehtering and leaving groups is 76° 48', which would indicate
that transition state (IT) end hence retention of configuration might

be favoured. The occurrence of the polar transition state would be

enhanced in polar solvents, and added salts would also promote the

mechanism, The presence of large groups on the attacked carbon atom



might have an adverse effect upon the rate of reaction by this mechanism,

particularly if it proceeded with inversion of cenfiguration. ;

(iii) Tnternal electrophilic substitution (SEi)

The S, i mechenism may be written as :

B
i& M “i
| ! -7 130 {
- r in” s f 2 i e (%
R+ MX — | R\Ely)f, ,,\("‘2)”}{'i —> R, + i X (3)
e ‘\M .

Second order kinetics would again be expected, but since the transition
state is eyclic with at least electrostatic bonding, retention of con=-
figuration would be expectéd. Added salts should have no effect in the
vnormal way since the transition state is not polar, but if the anion of
the added salt should complex with the substrate it would assist nucleo-
philic attack on Mi. If the reaction between RMl and MZX is written as

an SE2 mechanism ¢

1\? 2) X e—— RN, + Ml* + X —— ()

Pae)
i

EZ

and ths SEi mechanisms, and that one may well shade into the other. Ir

it becomes apparent that there is only e small difference between the S

an SEi mechanism proceeded in a polar solvent the metal salt produced

might dissociate anyway.



(iv) Bimolecular four-centred substitution (SFZ)

This mechanism was named by Dessy 4!, and as written by hﬁmkis
an altsrnative name for the SEi mechanisms Although it does illhstrate
the point that nucleophilic attack on Ml could be the driving force
behind reaction as well as, or in place of, electrophilic attack on R.

Dessy prefers te reserve the symbol SEi for an intramolecular mechanism

-

such as :

— EX+Y (5)

o
) 54
YOS |

(& being an electrophilic group).

(v) The S;C mechenism

The next logical step in progression from the last three mechanisms is
one in which the first step is coordination onto the metal atom attached
to the group R, followed by a‘1,2 (or 1,3 or 1,4) shift of the group R
onto an electreophilic centfe in the coordinated group. The name SEC has

been suggested [ 61 for this mechanism, which in its simplest form may be

written @
2
M 7N M.{i-——-—--Nf) M-N
' : ' RN " —
] = AVE e (&)
R E R E R~3&

where N and B arsz groups with nucleophilic and electrophilic tendencies,



respectively. The initial coordination step will be influenced by the
tendency of N to coordinate and the electron deficient property of the metal
atom, while the second stgp, the cleavage of R, will be promcted by an

R group with a +I effect.

(vi) Ths alkyl bridge

This mechanism may be written as follows :

B
/./ o - .
MR+ MR, —3 M ,.\;MZ —> WR, + MR = (7)
\\Rz" !

Where both steps may be reversible. = At first sight this mey afpear to

be similar to the SEi mechanism but the need for considering this as a
separate mechanism arises from the fact that certain alkyl exchange
reactions have been observed to proceed much faster than electrophilic
exchanges with mercury compounds and alkyl exchanges are not considered to
occur in the mercury systems other than through mechanisms involving
mercury attached to en anion{7!. In other words in the alkyl bridge
mechanism both bridging groups may be alkyl groups (although one may be a
halide). The alkyl bridge mechanism would be assisted by hyperconju-

gative effects and retarded by steric effects, so an order of reactivity :

Me}:} n-alkyl » 2ry alkyl > 3ry elkyl, might be expected.

Part B: Gdvidence for the possible mechanisms in alkyl exchange

(i) Unimolecular electrophilic substitution (SEl)

L full study of the kinetic and stwreochemical course of a resction



requires that one of the reactants be available in a stable, optically
active form, with the optical activity essociated with the carboﬁ atom
undergoing attack, The very reactive nature of most alkylumetal compounds
presents difficulties in this respect. Using mercury compounds which
ere among the least reactive of the elkylmetal compounds, optically
active crganometallic compounds, with the asymmetric carbon atom next

co the metal, have been resolved. It'is for this reason, and the com=-
parative ease with which organomercury‘compounds mey be handled, that
bthey feature so preminently in the following mechanistic work.

As already mentioned it would be expected that organic groups

which aid the stability of a carbanion intermediate would promote the SEl
mechanism, TFor this :-eason the one-alkyl exchange between a-carbethoxy-

benzylmercuric bromide and mercuric bromide was studied.

Ph__ Fh
~ *® _ ™~ S

“CH - Hg - Br + HgBr2 — ) CH - Hg -~ Br + HgBr,
Ve - Z

, s
0 .
Et02 EtO2C

Sinze the reactants and products are chemically the same it is necessary
that one of the mercury atoms be radioactively labelled (H:). Optically
active a-carbéthnxybenzylmercurio bromide was used, but the fact that

the reactants and the pfoducts are the same removés the problem of re=-

lating the sign of rotation to the configuration. In the first instance

Reutov reported [ 8] that this reaction was first order in each reactant




in 70% aqueous dioxan at 50°-70°, He later retracted this [ 9] and clainmed
ths reaction was only first order in organomercuric halide, Ingold re=-
peated this work [ 10! and found that the reaction was first ovrder in each
reactant. However, both Ingold [ 10} end Reutov [ 111 now agree that the
réaction betwsen a-carbethoxybenzylmercuric bromide and mercuric bromide

in dimethyl sulphoxide at temperatures between 25°C and 60°C is first
vder in organomercuric halide and zeroth order in mercuric salt; thus

identifying it as following an SEl mechanism, which can be written as :

E40,C .CHPh, HeBr —slon Et0,C.CHPh™ + Hgr®
» —fost 5 Etozc;,cﬁph.h"’éar + Br

HgBr + Br  —28b HeBr .

Etozs.CHPh" + HEBr

In accord with the predicted inductive effects for this mechanism
Reutov also found [ 11} that a p-nitro group substituent in the organo-
mmercuric halide increased the rate, ond that a p-t-butyl substituent
retarded the rate; whilst Ingold found [ 10! that substituting chloride
for bromide in each reactant approximately halved the rete of reaction
as might be expected from putting a more electronegative halide in the
organomercuric helide whose ionisation is the rate controlling step.
Studying the rates of racemisation of (=)-a-carbethoxybenzylmercuric
bromide in dimethyl sulphoxide alone and in the presence of 2OBH.gBrZ, Ingold
found that the two rates were almost identical, showing that the rate
controlling step was the ionisation of the organomercuric salt, each car=-

banion produced having an equal probability of yielding either enantiomeric
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product. In addition Ingold found 10! that the add;tion of tetra—
ethylammonium bromide had a catalytic effect dependent upon the square
of the concentration of the added salt, showing that two bromide ions had
been added to the organomercuric bromide before it ionised. ‘Thié effect
he termsd two—anion catalysis and the mechanism SEl-ZBr-. The bromide
ions are added successively in a pre-equilibrium to yield a doubly-charged
anion which is more ready to‘ionise than the normal organomercuric bromide,
This process may be represented as

Br . Br_

o o oo - o o s 2-

RHgBr ‘fast RHgBr2 T?;;E” ’ RHgBr3

o Om low - -
RHgBr, —-—-iw-a R+ Hgbr,

—ggézé RHEBr + Br

R+ H§Br2

The first order rate constants obtained by Ingold and Reutov for the
reaction of o~carbethoxybenzylmercuric bromide with radiomercuric bromide

in dimethyl sulphoxide are shown in Table 1,
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TABTE 1

; Reference ? Temperature ; k) x 10° m:’Ln.-'1 %
Cor L es% 2.2 5
i [ 107 29.5°C 3.12
Bt - 30 3.51 }
: [11] 35°C | 5.88
3 11] | 40°C 8,67

C 10 maee | 8.58

| [ 10] ; 58.9°C ‘ 22,5

Reutov has also studied the reaction of p-substituted benzyl.uercuric
bromides with radiomercuric bromide in dimethyl sulphoxide where the
EfSUbétituentS were Cl, F, Me and i-Pr, and found these reactions to follow
second order kinetics [12]., However, with a p-nitro substituent the
reaciion became first order in organomercuric bromide and zZeroth order in
radiomercuric bromide [ 131, Obviously the introduction of the nitro group
had caused sufficient delocalisation of charge to stabilise the carbanion.
Reutov further found 1)) that the addition of potassium bromide affected
the rate. On adding increasing amounts of this salt he found that it had
no «ffect uuvil its concentration was nearly equal to that of the 203HgBr2,
when it aoccleraﬁedrthe reaction. When the concentration of the added

salt was greater than that of the mercuric bromide the rate of the reaction
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increased at a rate féster than before. This implies that the additional
bromide icns add on to the mercuric bromide first of all, but that this
addition is not quite quantitative for bromide ions add on to the
organcmercuric bromide Jjust before the concentration of potassium bromide
equals that of the mercuric bromide. After this point is reéched the
addition of further bromide ions has a catalytic effect similar to that
oaserved by‘Iﬁgold [10], except that only one extra anion is involved in
the rate deteruining step,

The stabilisation of the a-carbethoxybenzyl carbanion due to its
mescreric neture could give it a longer life than an alkyl carbanion and
thus meake iﬁ mere liikely to racemise than an alkyl’carbanicn. Thus- the
SEl éase studied stereochemically may not be a true guide to whether race=-
misation is the general rule for aliphatic electruphilic substitution.
Accordingly Ingold looked for a reaction which proceeded by an SEl
mechanism and which involved purely alkyl exd not aryl groups [15]. He
intended to study directly the reaction between diethylthallic bromide and
triethylthallium but found it was too fast to follow kinetically., He was
able to establish, however, that the reaction of di-s=butylmercury with
diethylthallic bromide was first order in the organomercury compound and
zeroth order in the organothallic halide, in dimethylformamide
(kl =3.02%0.2x 10"5seo.'l, in DMF at 69.7°C, determined chemically).
When the same reaction was done using optically active di-s-butylmeroury

it was found that the first order rate of racemisation was the same as




the chemically determined first order rate constant for the thallium for
mercury exchange (k1 = 3,1 bt 0.3 sec.m1 at 69.7°C in DMF, determined
polerinctrically); hence the reaction proceeds.with total racemisation,
It is writteﬁ as

s-BuHgBu~s SR o peT 4 s—Bqu+

s—Bqu+ + Br -—ﬁﬂi%% s~BuHgBr

s=Bu” + By,m1" —Lasty s~BuT1Et,.

From these observations Ingold was able to deduce that the reverse
reaction, that of s-butylmercuric bromide with diethyl-s-butylthallium to
yield di-s-butylmercury and diethylthéllium bromide, went also by an
SEl mechanism :

Lost 5 oome” o+ TlEt2+

s--BuTlEt2
s-BulgBr -*Elgﬂé s~Bqu* + Br
s~Bufgt + s-Bu_ fast s-BuHgBu-s

with the slow stage as indicated. He then proceeded tc deduce that the

reaction between diethylthallic bromide and triethylthallium, the reaction

he set out to study, is also an SEl process:

m—se‘;'- ° 4.
EXEtT1Br + Bt Tl o= E%EtZT, + Et,TiBr

end may be written in full as 3
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fest, rate~controiline.

Et,T1 Bt~ + Et.mt
3 » v.fast 2
BEE4T1Be v. fast > gfEtT1Y 4+ Br
+ - v, fast _
EPEtTLT + B T Totooontroriing. EEEt,T1

1

where BE represents an ethyl group containing a ~'C label necessary to

identify the products which are chemically the same as the reactanvs.

(ii) Bimolecular electrophilic substitution (sEz)

Once egain by far the greatest number of examples come from mercury
chemistry. Alkyl exchange reactions between mercury compounds have been
classified [ 1] and of the six possible reactions only three are considered

to be independent :

rd -

o « Y

X Hg + R-HeX === XHg-R + HgX, ———— (1)
&N TN

XRig + R-HgX === RHg-R + Hgl, (2)
k:.'-""‘-\ /-—’-N

XRHg + R-HgR g==== RHg-R + HgRX (3)

These have been termed the one-alkyl, the two-alkyl and the three-alkyl

exchanges respectively.

(a) The one-alkyl exchange for mercury

Ingold studied the reaction RHgX + H§X2 ,E::é RH§ X+ Hng where

R =Me, X=258r, I, OAc, NO, and also R = s~butyl, X = OAc [16]., Since the

3

reactants arve chemically the same as the products a radiocactive label is
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ZOBH

necessary, and }ﬁé refers to Tz« This reaction hed previocusly been

assigned @ two-stage mechanism for the case R = Me, X = Br [17] :

= Me Hg + HgBr

Hg +H§Br

2 MeHgBr 5

Me MeH’gEBr + MeHgEr.

2 2 5
ingold showed that in ethanol the reaction wlaé first order with respect
to each reactent, and in the case of R = (-)-s-butyl, that the reaction
proceeded wi’cﬁ retention of configuration. The rate of reaction increased

along the series of the various mercury compounds in accord with the in-

creasing ionicity of X :

MeHgBr € MeHgI <X MeHgOAc X MeHgNO showing that apart from

30
solvation the transition state was of the open, poler, type. Therefore,
the reaction proceeded by an SE2 mechanism with retention of configuration,
This work was extended to cover the cases R = Me, Et, neopentyl with X = Br
and R = Me, s-Bu with X = Odo, in ethanol [18!. The relative rates

showed that the steric retardations were in the order :

Me € 1 ry alkyl < 2 ry alkyl
[ Me(100) Et(42), neopentyl(38), s-butyl(6)].

Reutov found that the one-alkyl exchanges of RleRBCHgBr with

Lid

HgBr,., where Rl =H, R, = COZE‘G, R, = Ph in pyridine [19] eand dimethyl-

3
HgBr in quinoline [21], were all catalysed

2 2

formemide [ 0] and that of Ph.CH‘2

by the basic solvents. This was explained by saying that the base com-

plexed with the mercuric bromide before reaction; which agrees with other
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catalytic effeqts which will be discussed under the section on the SEi
mechanism, In a&dition Reutov found [ 21] that the reaction between para
substituted benzylmercuric chloride and mercuric chloride in quinoline

was retarded by -I groups in the para position, and accelerated by +I groups.

The rates of rsaction for the following para substituents were in the order

F<c1< < e < MoCH.
This agein is additional evidence for either an SEZ or an SEi mechanism.
The anion-catalysed one-alkyl exchange studied by Ingold will be considered in

the section on the SEi mechani sm,

(b) Ths two—alkyl exchange for mercury

The two-alkyl exchange for mercury is written
RHgX + RHgX m==== R Hg + HgX,.

The reaction usually proceeds from the right te the left and is termed syn-
proportionation.. The reverse reaction is known as symmetrisation and may
be induczd by adding reagents which will complex with the mercuric
halide. Ingold prepared di=-s-butylmercury with one of the alkyl groups
optically active, by reacting optically active s~butylmercuric bromide
with a s-butyl Grignard resgent, and reacted it with mercuric bromide f 7],
. The optical activit& of the s-butylmercuric bromide produced was compared
with the activity of the s~butylmercuric bromide from which the dialkyl-
mercury was yepared. The activity was half that of the standard,
indicating that the reaction had proceeded with retention of configuration,

This is obvious from the overall equation for the reaction :
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s-Bu®HgBu=-s + lgBr, =——2> s-Bu®HgBr + s-BulgPBr,

2
where the degree sign is used to indicate optical activity. This
reaction was extended using & series of mercuric salts and the order of

reactivity was :

HeBr, { Hg(ose), < Hg(Mo,), < He(C10,),
in both ethanol and acetone, The reaction with mercuric nitrate was so
fast that it had to be stﬁdiéd at ~50°C and even at that low temperature
the reaction with mercuric perchlorate was instantaneous. Those
reactions whose kinetics could be studied were found to be first order
in each reactant. That, and the fact‘that the reaction rate increased
with the increasing ionicity of the mercuric salt used, indicated that

the reaction was following an S_2 mechanism ;

E
s - Bu } Hg -~ Bu-g =3 s-Bu ﬁg - Bu - s
N
m ,
x‘.
/ Hg g

\ /
SN / i
X X X X

The reaction between optically active di-s-butylmercury and mercuric

bromide in ethanol :

2

has also beeh,studied by Jensen [ 22]; who found also that the reaction

(=)-s-BubgBu(%)-s + HgBr, —> (-)-s-BquBr + (%)-s~BuHgBr

proceeded with retention of configuration, although he urdertook no

kinetic studies of the reaction,
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(e¢) The three-alkyl exchange for mercury

The three-alkyl exchange :

RHgX + RHg == RHzX + R,Hg
may proceed in three possible ways
(i) ROHEX + R Hg ——> ROHER + RHgX.

oHE =

(ii) R°HEX + R > W°HgR + RHEX.

(iii) 2ROHEX =———> R°Hg + H?g‘;;z

HEX, + RHg ~—— RHEX + RHgX.

[ the latter way being a two-alkyl exchange].

Double labelling, with a kinetié study of the exchange of both
labels is necessary to distinguish these three possibilities. The three
paths would give three different ratios for the rates of exchange éf
the optically active label (R°) and the radioactive label (HE). (i)
would give %5; = 1:1, (ii) would give -%% = 1:0, whilst (iii) would give
RO

§§ = 2:1. Using doubly labelled s-butylmercuric bromide end reacting

it with di~s-butylmercury in ethanol at 35°C, Ingold [ 23] found that

5 .
the ratio Eg'= 1:0.96. He also found that the reaction was first order

Hg
with respect to each reactant. Thus the reaction was a bimolecular
electrophilic substitution. The rate of reaction increased with in-

‘ereasing ionicity of the alkylmercuric salt thus :

s-BuHgBr < s-BuHgOAe & s=BuHgN0 ;,

and the addition of lithium salts caused an acceleration in the rate
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in the same order as the increasing ionicity of the salts :

tiode < LiNO, < e < LiC10, .
Thus on open, polar transition state is indicated, showing that the
i,

mechanism is SE2 as opposed to SE

(1ii) Internal electrophilic substitution (SEi)

The one-alkyl mercury exchange studied by Ingold [16] was found
to b2 catalysed by the addition of salts in a mamner different from normal

salt effects. The catalysed reaction
RHgX + HEX, = rlx 4 HeX,

had second order kinetics for R = Me, X = Br [24], and for R = neopentyl,

X

i

Br [ 18], and to proceed with retention of configuration far R = s-butyl,
X = I, Cl, Br, Chc [ 24], in acetone and ethanol., It was found [24] that
the r;a;tion was catalysed by the addition of anions such as I, Br“, c1”
or auesate which coordinate strongly with mercury. For examplie, in the
rea:tion of methylmercuric bromide with radiomercuric bromide in ethanol
ot 50°C a plot of reaction rate against the concentration of added
lithium bromide showed a straight line plot with a break at the point

~ where the lithium bromide concentration and the mercuric bromide concen=
trati§n were equal, | Up to this point one-anion catalysis is considered
te oceur. One bromide anion is added to the mercuric bromide in &
pre=-equilibrium :

Hgbr, + Br e HgBr3
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and is carried into the transition state where it bridgss

R ny
ok L.
”

waere the added anion is wrétten as Y. This seems quite likely since
Y must be carried out of the franéition state by the uppervof the two
mercury atoms, When the concentration of the added anion is greater
than that of the mercuricAbromide the plot of rate against concentration
of added salt changes its slope and two-anion catalysis is considered

to occur. The bredk at the 1l:1 equivValence point shows that up till
then the addition of the added anion to the mercuric bromide had been
stei;hiometric. The two anion catalysis occurs by a further pre--
egiilibrium ¢

- - -
RHgBr + Br - g=—— RHgBr2

The eguilibrium is shown favouriﬁg the left hand side since the extent
of addition can only be slight since plot continues in a straight line
past the 2:1 equivalence point, i.e. no break in the plot is observed
at this point, The further added anion is considéred to be carried
into the tiansition state on the mercury atom having the lowest co-

ordination number,
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Hg.

I { _ ¥ 2-cnion transition state.

Both of the transition states for the anion catalysed one=alkyl exchange
<2 thus ecyelic and considered to be examples of the SEi mechanisw, As
already menticaed in this section the catalysed reactiors were studied
tsing various R groups and when these results were compared with those
found for the uncatalysed exchange it was found [ 18] that steric effects

affected these mechanisms in the order :

552 { Syl one-anion < Sii two-anion.

The symmetrisation reaction has been studied using ammonia to
complex with the mercuric halide produced and so induce the reaction to
proceed. keutov has shown [25] that the esters of a-bromophenylmercury-

acetic acid symmetrise in chloroform so @

co CC RN
2 ;f p2d
: :
2Ph. C - HgBr + ONH; —> [Ph - ¢ - | Hg + HgBr, (NH,)
! i i ¢ ‘
| i v
H \ i /2

kY 4
and retention of configuration was observed [ 26]. The reaction was found
to be second order in organomercury halide [ 25] and also second order in

ammonia [ 27]; thus rate = k[RHgBr}Z[NHS]Q. Reutov suggests the reaction
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mey be written :

k

ORHgBr R2Hg + Hghr,
)

{
HgBr,, + ZNH §:=z==é¥ HgBr «(NH,) i
2 3 2,¥
but without seying which step is rate controlling. Doubt has been cast

=i this work by Jensen [ 28] who observes that Reutov explains rate effects

of substituents in the phenyl group by referring to a transition state :

2.

Qr
Hg —-
§ RN f
—— - ﬂI:aA - _-; - - .
2 Ar c Hgbr == | Ar -C_ /Br == (Ar ? )2Hg-i HgBr
{ - Hg -
i
|
-
“Ar

which blatantly ignores any dependence on ammonia, Jensen sugges.s that
a more reasonable mechanism would involve the reaction of & complexed

organomercuric halide, Reutov then studied the reaction [ 29]

NH
RHgBr + R'HgBr "wé-*% RHgR' + HgBr,
COZEt CO e
where R = X—~< ">r0-~ s ond R = ‘:;\«C e s in chloroform,
H H

poiniing out that if X were an electron withdrawing giroup and Y were an
electrou repelling group the first would assist the rupture of the old
7 - Hg bond and the second would assist the rupture of the old Hg - Br bond

in the “ullowing trensition state @
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\Hg
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which he envisaged., He called this a co-symmetrisationrreaction; and

using X = Br,'Y =Hand X=H, Y=CH, and X = Br, Y = CH,, found that the

3
rates for thes® reactions Wefe faster than the corresponding symmetrisation
reactions, This effect was greatest when X and Y had the greatest differ—
ence in polarity (X = Br, Y = CHB)' - Reutov then predicted that the
meroury_atom in the mercuric bromide formed should come from the orgaio-
mercuric halide having the more electronegative substituent in the phenyl
group. Using grBr.Ph.CH(HgBr)COZEt and B~Me.Ph.CH(HgBr)C02Et he was able
to confirm this. Thus Reutov was able to deduce that the transition state
he envisaged was correct ;nd the reaction followed an SEi mechani sm,
However, he acknowledges that there is a possibility of the reactants
symmetrising as well as co-symmetrising.

Reutov considers that the mercury to mercury alkyl exchanges he has
studied proceed via a closed transition state; an SEi mechanism. He
suggests [ 3] that the difference betwsen the Syl mechanism and the Sg2
mechanism is very small and implies that it is not ﬁorth bothering about.

He suggests that all bimolecular electrophilic substitutions prbceed with

retention of configuration and that they proceed even in only slightly poler



solvents, whereo the'e#istence of ions is unlikely, whareas Ingold's studies
have been done in polar solvents where an open transition state would be
favoured anyway.

It seems profitable at this stage to consider some of the work of
Giszlen and Nasielski who have studied bimolecular aliphatic electrophilie
substitution reactions, although not metal to metal alkyl exchanges. By
considering their work l 30,31,32] on the halogeﬁatioﬁ of tetraslkyl tin
compounds (which they showed to be bimolecular electrophilic substitutions)
with the work of other authors they have\tried to correlate the results
to furm an sverall picture. The table,of results they used [ 36]is shown
in Table 2,

Relative rates of reaction

R, Sn Sn+ R, Sn IR &
RZHg + RHgl +|RigBr + RASn + ), + R4 n A}n A}n Rhin Rhin
Reaction| HC1 in|HC10, |HgBr, | HCl | HO) Brol 1, {1, | Br,{ Br
pMso/ . . . . . 2 2 2 2
Dioxan ng | I 1n i in in in in in
2 Et0H PhH Dioxan }C 6H 5C 1 McOH AcOH DMF | AcOH
- f‘efo )

Sl o33 fa 18 | 35 35. 1 36 ] 30 |3 |5 |=
e 100 {100 {100 100 100 100 | 100 |100 {100 100
Bt 770 L 42 750 300 Zm (20 |l & | o8

1200 -8 37 i@6
n=Pr 460 22 - 306 - WSo | BB | BS | #&F | 12
] "b 4"3 6ci :
] - : - - R0E - [
| i-Fr 510 13 300 1300 0. 54 2] 2.5
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They observe two overall effects :
(i) A steric sequence is observed in polar solvents -
We » Et > n-Pr > i-Pr,
(ii) An inductive sequence is observed in non-polar solvents :-
Ve { Bt } nPr  i-Pr,
They argue that in a polar solvent a transition complex of the type SEZ is
energstically more favoured than one of the type SF2 (which is ths name by
which they refer to SEi), end thus steric effects will preponderate and
lead to the sequence of reactivity as in (i). In a less polar medium
the partial charges of the open SE2 trapsition state are not sc stable
and an SFZ mechanism becomes more favéurable. Attack by the nucleophilic
part of the reagent on the metal of the‘substrate makes the transition
complex less sensitive to variations in the steric effect due to altering
2, and the repulsion be tween the entering and leaving groups‘becomes the

same order of magnitude as the inductive cffects; leading to sequence (ii).

Thus the two possible transition states are :

8+
MRn B MBn
/'/ 7 \.\
N N
- »w;C _ N
F ” \ & hS /‘
LY
~ &= N~
Eome— N B
SEZ SFZ

(polax solvents) (non-polar solvents)



However, if an even large range of results is considcred [ €] the "solvent
rule” of Gieien and Nasielski appears to have less general applicability.
The range considered is shown in Table 3., In the first six casés
considered a strict order of steric effects is observed; conforming

tr the views of Gielen and Nasielski that an SEZ mechanism is operative.
Cases seven to seventeen show an interplay of steric and inductive
cffects indiéative of an SEi mechanism, In the last four cases in this
tablie an inductive order is observed in polar solvents, and it is

2 or S,.1 mechanism, In

E E

the case ol reaction 20 it has been shown [42] that coordination of &

difficult to account for this by either an S

nucleorhile onto the metal is the initial stage of the mechanism, and it
seems probable that ths other three cases (18, 19, 21) folléw a similar
courses., As aiready explained, this mechanism in which the motivating
force is a coordination step has been named the SEC mechani sm, althiugh
the mechanism itself was proposed [ 43] a few years before., Tius in
reading down Table 3 there is a natural progression from the SE2 mechanism
in which the motivating force is an electrophilic attack on an alkyl group,

to the S_i mechanism with its cyclic transition state in which nucleophilic

B

aticck on the metal assumes equal (or nearly equal) importance with the

electrephilic attack, finally to the S_C mechanism (which may or may

E

not have ar open transition state) in which the motivating force is co=

ordination onto the metal.
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TABIE 3

Relative rates of electrophilic substitutions

No. RzMe - Et néPi  i-Pr t-Bu| . Reactants éoivént: Ref,
1{100; 114 4 | = R,Pb + HC10, AcOH |37
200 | 12 1,5’4 - ReSn + I, MeOH }f 30
3.|100. 41.. 44 ‘Q“04 , | ReSn + Igp AcOH ?‘31
4 100 40| 2 13 {0.81 | REGT + HC10, Hao |34
5l100 | a2 | - ;5;: ' REgX +'ngg.1' |Eton |18
 6 100 46 | 6.1 - | ReSn + Brzlfv | DME 31
CTjw00 | 79| 19 - RePb + AcOH - |ACOH |37
8100 | 83<‘¢;12 ,_ 2.6 | Resn +Bry © |AcOH |31
‘ f9i'idof 'f3146 | ,18"f - n R;SQB;;}TBrgg AcOH |31
10 {200 | 244 | 102 | 149 ReZn + p-toluidine Etz:0 |38
11 [100 | 630 390 | 430 ReHg + HCL - ¢DiSO/Diox 33a
12 {100 | 600 f 78 560 i‘ﬂ' ReSn + I JAPnc1 |32
13100 | 750 | 300 | 300 | = |mesm+ HL |Benzeme35
14 {100 1260.' 450»5 1300 g4sn + Brs “|pnc1  _ 36
15 {100 | 1670 980 3500 uRMgBr5+'hex_1_yne Et:0 |39
16 |00 lzoso 2260 | 1920 | = |R.Hg + Hg12_~ » “|Dioxan |40
17 [100 | 9300 4500 | goooo = |Rysn+ Br,  [CCL. |32
18 100 | 13500 |9000 | 20200 | -‘ R4Sn4+,cro,*  ©_|acor |41 )
: 19 100 - |30200 - 39.2054 RB(OH), + ,Hgo; [He0 42
'zo°;1°°- - 3900i; 18408‘56500 RB(OH>;ﬁ+ EOQT “io 2
21¢(100 | 310" | - o 7.§B(Oﬁ)z:+ HCQOI HaO 42

‘a Bﬁs, b Bu ,¢ Overallﬁre}ativeirates‘.'j,~
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The conclusion that one may draw from these attermpts at correlation
by the several workers mentioned, is that they are all correct as far as
they go; since no tﬁo workers have studied the same reaction in the same
solvent and arrived at greatly differing results. Reutov's observations
thet all the bilmolecular electrophilic substitutions he has studied proceed
by an SEi mechanism cannot be challenged on the evidence he has presented,
although his observations that these rcactions proceed in non-polar
solven’s are derived in the main from his studies of hslogenation of
organomercuric halides; reactions which are not metal to metal alkyl
exchanges. Ingold's differentiations between the SEE and the SEi mechani sm
are most explicit but to test them further it would be necessary to perform
the reactions in non-polar solvents, In such solvents, however; it is
doubtful whether the reactants would be sufficiently soluble. Thus one
is left.with the individual results which have been presented, and eacr.
one must be argued on its merits. To attemnt to draw them into r~n overall

picture larger than those that have already been drawn might be unwise.

(iv) The bimolecular four-centred mechanism (SFZ)

This appears merely to be an alternative name for the SEi mechanism,
As defined by Dessy [ 4] it appears similer to the S;i mechanism, and the
term as used by Gielen and Nasielski [ 36] is epplied to a reaction schems

that could equally well be called an SEi mechani sile



(v) The S.C mechanism

This name has only recently been suggested and there are no metal

to metal alkyl exchanges to which it may be applied.

(vi) The alkyl bridge mechanism

An alkyl bridge has been shown to be present in the dimer MeeAl2

in the sclid state, by x-ray crystallography [ 44].

Me . L Me Me
~
\“\ f"/ &.\ //
Al AL
// ~ e \\ ‘
Me *Me’ Me

The N.McRo spectrum of a solution of Me6A12 in cyclopentane at rocm
temperature shows only one peak [ 45], indicating that all the protons
areiequivalent or that a rapid exchange>of methyl groups is occurring.
As the temperaﬁure is lowered down td =75°C the spectrum changes to two
peaks (one for each of the different types of methyl group present in
tbe bridged structure), indicating that an exchange is occurring. By
the same method it has been shown [ 46] that fer neat triethylaluminium
e rapid exchange of ethyl éroups occurs at room temperature, but the
‘rate diminishes at =-60°C so that it is hardly discgrnible. The
'successive introduction of chlorine into the Me6A12 molecule has an
adverse effect upon the alkyl exchange [47]. Rapid exchange occurs

between Me6A12 and MehAlzch’ but the spectra of Meh_AlzCl2 alone and of
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Mez.fa.lzcl4 alone, show the presence of only one type of methyl group, even
at low temperatures. This implies the presence of a chloride bridge
structure as opposed to the methyl bridge structure in cases where exchange

OCCUrs. Thus the comparative rates of exchange for the systems mentioned

are .
I . =
RBAl/.l.jAl > R,A1/R,AIC1 > R,AIC1/R #1C1 = O,
i. e, '
R R R R ! /R R o1 /R
., ~ . K ~
" » ~ V% ‘ \\ R ~. . N . .
n” A > AT S S Al\
LN yd . N P .

R/ R” Serow R R RrR7 c1” R

= 0,
Exactly the reverse order would be expected if these exchanges occurred

by an 3.2 or SEi mechanism; the successive introduction of & chloride

E
(a p&tential nucleophile) into the molecules would increase the rate of

exchenyge by an 8.2 or S_ i mechanism. For the system trimethylaluminium

E E
and dimethylaluminium methoxide if exchange occurs at all it is mgch
slower than in the case of trimethylaluminium alone [ 48]. This indicates
that & methoxy group bridges preferentially to a methyl group. |

Prior coordination of the aluminium also has an adverse effect upon
elkyl exchenge. TFor the system trimethylaluminium and trimethylaluminium-
tristhylami.e bomplex if exchange of methyl groups occurs at all it is
slower “han in the case of trimethylaluminium alone [ 48]; shiwing that

the Al - N bond is strong compared to the association bond of the bridged
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dimer. Similarly it was found that methyl groups exchanged in trimsthyl-
thallius in toluene, but if this exchange was studied in ether or trimethyl=-
amine the exchange was much slower, due to complex formation [ 49].

Alxyl exchange by the bridge mechanism is not limited to aluminium
coupourids.  Exchange occurs between R3A1 and RBlB repidly at room
temperature, and traces of triaslkylaluminium catalyse exéhange between
VWO differenf trialkylborons [ 50,51]. In exchanging systems where the
procuets and reactants are not identical‘NaMOR° is not essential to de-
monstrate exchange, and in some cases of such systems exchange may be
demunstrated by distilling off the more volatile products. This was done
for the systems RBA:L/R;B (R = Me,Et; Rt = Bu,i-Bu); RBAI/RZ:LZn (R = Me;
Bt = Bt,Pr and R = Et; gl = n-Bu); R3B/R21Zn (R = Bt; Rt = Me) T 507,

Overéll the results of alkyi exchanges studied, which proceed
by a bridge mechanism, show that these reactions occur more easily for

ﬁeﬁhyl comp.unds, and some resonance stabilisation of the methyl bridge

might be expected :
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It might also be predicted that exchange would cccur more readily the more
easily ths metal could accept electrons, 4n order : Al > Zn s Cd > Hg
would be expected end this is borne out in the results of McCoy and

Allred [53] who found that exchange between Me,Al and MeZCd is twelve

3

times faster than between M92Zn and MeZCd, whilst MeZZn and MezHg, and

- Me, L4 and MezHg exchenge even more slowly if at all., This work is

2
interesting from the point that it, and similar work by Dessy [ 54], re-

present the onliy detailed work on alkyl exchange reactions of dialkylzincs
that has ever been done,. The parameter obtained from these studies is
the average life—time of a carbon-metal bond before it is broken and the

methyl group is exchanged. Some of these results are shown in Table 4,

TABLE

A (n/1.) B (m/1.) g solvent | 4 sees. | ref.
Me 5 A2 (n.062) ! Me,Cd (0.097) t benzene fi( 0.09 [ 53]
e, Mg (0.33) Me,Zn (0.33) THF < 0.009 [ 54]
Hle Mg (0.60) Me,Cd (0.60) THF <0.007 [ 54]
e Mg (0.60) e, Hg (0.60) TP | »o0.0u0 [ 54]
lie Hg (0.60 MeZZh (0.60) THF > 0,058 [ 54]
le, Hg (0.60) Me,Cd (0.60) . THF >0.073 [ 54]

where f is the average lifetime of the bonds,.
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The proviso must be made that in the last two cases the N.M.R. spectrs

showed ne exchange phenomena and so the upper limit of t in these fwo

cases could be infinity.

and dimethylcadmium proved amenable to kinetic studies in various solvents,

The results are shown in Table 5.

Rate constants for ths reection Mezzn end Mesz

TABLE 5

However, the rate of exchange between dimethylzinc

Solvent [MeZZn] = [MSZCd] m/i.g Apparent order,n % 1«:(m<:sles/'il..)l“nsec-1 |
nitrobenzene 0.247 ; 849
04375 { 7 : 9.1
0.492 | 1.8 9.1
0.619 | 9.0
pyridine 0.185 f 11
0.240 2.0 12,2 !
0.305 ©11.6 !
'benzene 0.79 ? 5.2
i 1'35 1-8 : 507
! 2.23 5.0
g §
1cyclohexane 2.36 : 5.7




Little can be deduced from the results in Table 5, except thaet there
is no appreciable solvent effect.

Dessy's study [ 55] of exchange between mercury and magnesium
compounds provides an example of steric hindrance of aﬁ alkyl bridge.
I+t was found that reactions in which the bridging groups were pheﬁyl
and ethyl, phenyl and i-propyl, and ethyl and i-propyl proceeded, but
exchanges which would have involved a t-butyl group in a bridging

position did not proceed,



CHAPTER_IT

THE GROUP TIT ORGANO~-METAL COMPQOUNDS

1. General

-In_this chapter the general nature and properties of the Group IT
aikyl and aryl metal compounds will be reviewed, with particular reference
to the orgenometallic halides,

The gradation of properties of the organoméfals of this group
follows very closely the gradation of electronegativities 561 of the
parent metals.

in =~=== (0d e—= g

//’,,w’ 1.6 1.7 1.9

Be- m———— Mg
1.5 1.2

~ Ca Sr Ba
1.0 1.0 0.9

Derivetives «f calcium, strontium and beriuva heve properties similar to
those of the alkali metals, in that they have a large amount of polar
characterj reacting with carbonfcarbon double bonds, and replacing
hydrogen in metalation reactions. Derivatives of megnesium and berylliium
are more cuvalent in nature and‘generally less reactive than those of
caleium, strontium and barium.,  Some beryllium compounds show a polymeric
nature and *+o a lesser extent so do magnesium compounds. The increasing
clectrorzgativity of the elements zinc, cadmium and mercury is reflected

in the falling off of chemical reactivity along this series. Thelir



dielkyls and diaryls are all covalent and monomeric in structure.

. Talcium, Strontium and Barium

Relatively little is known of the organo derivatives of these
metals. It has been claimed [ 57] that the dimethyl derivatives of these
three metels have been repared by reacting the metals with methyl iodide
in pyridinef The products showed their chemical similarity to the
alkali metal compounds by adding [ 58] across ethylenic double bonds
and by metalating aromatic compounds. = Ethereal solutions which have
been claimed to contain phenylbarium iodide [ 59] and phenylcalecium iodide
[ 601 have been prepafed from the reaction of those metels with iodo-
benzene in ether. More recently it has been claimed that solutions
containing some alkyl and aryl celcium iodides and bromides have bzen
obtained [ 61] by the action of orgsnic halides on calecium and calcium
alloys, in ether. The contents of these solutions showed their chemical
similarity wo the §rgano-a1kaii metal compounds (the lithium ones in
particuler); e.ge. "phenylcalcium iodide" mefalated anisole in the ortho
position, but failed to metalate toluene, and they reacted with carbon
dioxide to give not only the corresponding darboxylic acids but some

ketones and tertiary alcohols, also.

3. Magnesium
Diorganomagnesiums have been sparsely studied in comparison to the

organcuagnssium halides. Their preparation mey be effected by the action



of diorganqmercury compounds on nmegnesium in ether, cr by the action of
olefins on magnesium in the.presence of hydrogen, at elevated temperatures.
Dimetiyimagnesium ié polymeric in nature and forms a complex with
trimethylamine.

The Grignard reagents formed by the action of alkyl and aryl halides
on magnesium in ether and other solvents have been the chject of much
study, direéted towards elucidating their structure. The use of Grignard
reagents in synthetic chemiétry is widespread and their reactions and high
reactivity well knowm; (e.ge [62]) their addition to multiple bonds such
as ;'C =0, -CxN, -N=0, and their roactivity towards compounds
containing an active hydrogen, and halogen. HETe‘it is proposed to
réview only some of the more recent work directed towards discovering
the nature of the Grignerd recgente The equilibria (1) and (2) have
been suggested to account for the properties of the Grignard reagents;
some workers favour only one of these equilibria and others favour both

equilibria together,

2 RMgX ge===== R Mg + VgX,, (1)

- (2)

2
RzMg + Mng %ﬁgﬁ RzMg.MgX

2
Dessy found [ 631 that there was no exchenge of label between diethyl-

wegnesium and ?SMgBr in ether, and concluded that equilibrium (1) did

2
a6t exist. He also found that equimolar mixtures of diethylmagnesium
and mesacsium bromide in ether had the same properties as the Grignard

reagent made from mognesium end ethyl bromide in ether; their
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conductances [ 6] ond dielectric constants [ 651 he cleimed were similar,
end the kinetics of their reactions with hex = 1 - yne [ 66] were similar.
Thus Dessy believes the only equilibrium to be operating is (2) and that

the Grignard reagent in ether is best represented as RN .Mng, end that

2

of the two legical structures I and II, his work favours II.

X R
/

NN\
. SN S

~
X R X

I II
However, in another paper [ 67], in which he found no exchange of label

between diphenylmagnesium and 28MgBr Dessy also found that exchange did

2’
occur between diethylmegnesium and 25IgBr

25

o in ether; which he asecribed

to "some impurity in the ““Mg", He later reported [ 68] a series of

experiments using diethylmagnesium and 28MgBr in both ether and tetra-

2

hydrogen in which duplicate experiments gave conflicting results. Later,

Roberts, using high purity materials, found [ 69] that exchange took place
25

between "“MgBr, and the Grignard reagent made from ethyl bromide and

2
magnesium, in ether,

Doubt has also beencast on some of Dessy's work by the recent,
meticulous, work of Vreugdenhil and Blomberg., They did molecular weight

measurements in the range 107 - 10_2M in solvent ether, using very pure

meterials, and rigorously excluding oxygen. Thelr measurements were on
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the Grignard reagent made from ethyl bromide and megnesium, on magnesium
bromide and diethylmagnesium and on mixtures of the latter two, all in
solvent ether. Their obscrvations were [ 70]:

(a) the association number for magnesium bromide was 1,15,

{») the association number for the Grignard reagent was 1.00,

(¢) mixtures of diethylmagnesium and magnesium bromide showed no
associaxion;

From (¢) equilibrium (1) may be excluded. From (b) the Grignerd

reagent may be formulated as EtligBr or Et Mg + MgBrz. - However, the second

2
of these formulations would give an assoclation number of 1.07 (since the
value for megnesium bromide is 1.15); hence EtligBr is the only formulation
that holdé in ether in the concentration range studied. They alsc found

[ 71] the same Grignard reagent to be menomeric in tetrahydrofuran.  But
in-this solvent magnesium bromide was also unassociated. TWhen they in-
vestig;ted [ 721 the electrical conductivities of the same systems in solvent
ether, under the same rigorous conditions as befere, they obtained values
considerably lower than those obtained by previous Workers,.and then
demonstrated that by opening their apparatus to the atmosphere they got
highof values of electrical conductivities compatible with those values
obtained by previous workers. Their measurements were made in the r ange
0,05 ~ 3.0M, and they found significant differences between the conductivi-

ties of equimolar mixtures of diethylmagnesium and magnesium bromide, and

the corresponding Grignard reagent, in solvent ether, only up to 0O.4M,



They found, in this range 0 = 0.4M, that the molar conductivity increased
with increasing concentration for both systems, but that the condudtivity
of the Grignard reagent was lower, They concluded that associates having
a higher conductance than the monomeric molecules must be formed at higher
coacentrations, and that at low concentrations these associates were
already present in the mixtures, but not in the Grignard reagent. Vhen
investigatiﬁg the influence of added oxygen upon molecular Weight deter—
minations on the ethylmagnesium bromide‘Grignard reagent they found [ 73]
that the addition of three atoms of ‘oxygen caused the disappearance of

two molecules of the magnesium compound; 1i.e. a trimer was formed.
Finally, secking to prove thét there was no equilibrium between the
Grignard reagent made from ethyl bromide and magnesium, and diethyl=-

140 label in the ethyl group in the Grignard

magnesium, by using a
reagent, they found ! 74] that exchange of the label did occur. This,
unfertunately, may be interpreted in either of two ways: that an equili-

brium does exist, or that a transmetalation reaction

EfMgBr + EtilgBt === Etlighr + EtUgEt
has occurred.

From molecuiar weight measurements, Ashby found [ 75] that the
Grignard reagent made from ethyl chloride and magnesium was monomeric in
tetrahydrofuran, and also he isolated diethylmagnesium end a compound

analysing for E‘tMg2013 from a solution of the same Grignard reagent. He



took the latter observations4as indicating that alkyl exchange had occurred,
He also found that mixtures of diethylmagnesium and magnesium chloride
showed no association in tetrahydrofuran. In addition a 2M solution of

the ethylmagnesium chloride Grignard reagent in tetrahydrofuran did not pre—-
cipitote maguesium chloride on standing although this salt is only 0.5
scluble in this solvent. He concluded that the situation was covered
by‘equilibrium (1), and that it lay far to the left. Later, from moleculer
weight studies in solvent ether, Ashby found [ 76] that alkyl and aryl
magnesium bromides and iodides were monomeric up to 0.05M and dimeric in

the range 0.5 = 0,1M, whilst alkylmagnesium chlorides were dimeric even

in the low concentration ranges. Thus for Grignard reagents in general,

an expanded form of equilibria (1) and (2) was necessary;  visz.
.Y . ¥ / i . 1
(RMzX) , === 2BMgX === R)lg + 1gX, == R,lg.leX,.

A summary of the results cbtained by Ashby is shown in Table 6.
A summery of the molecular weight determinations made by Vreugdenhil and

Blomberg is given in Table 7.
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TABLE 6

lMolecular weight determinstions on Grignard reagents in ether [ 76]

. Compound : Concn. m/1. % 1% é Compound % Conc. m/1. : i
! » based on RMgX.j é !
é Btlighr | 0,035 | 1.00 | i-Prifgfl . 0.0k | 185
é é 0.102 L.on ; % 0.080 ' 1,90
! . 0.150 § 116 | % 0.1 | 1.93
g 0.200 g 1.26 | . 0.201 " 2.00
i 0.249 L1 ; 0.260 2,02
j . : ; _
| BtMgi  0.055 | 1.00 |l Pghr | 0.002 1,07
; . 0.108 § 112 | | oan 117
0.158 127 % 0.179 é 1.31
0. 20k 1.3 5 | o.2u é 1.50
' EtMgCl  0.086 1,87 g 0.326 f 1.70
é % 0.143 | 1.86 ’MesitylMgBr: 0.059 106
| | 0,19 E 192 | L oare e
E MeMgI i 0.057 g 1.09 é | 0.275 177
| oo 17 |
% % 0.140 L 1.36
L 0.5 | 1.59
% molecular wt.

i, the association constant = formule wt.
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Molecular weight determinaiions

3=

TABLE 7

in ether [ 701

e At o i A D | AL

i, the associaticn counstant =

Compound Conc., range i i
(m/1.) ;
H
Vgbr,, .00066 - ,00399 1.10 ¥ .02 ;
¥
Et Mg .0025 - ,0050 0.99 £ .02
MgBr2 .01059 1.17
EtMgBr .00419 0,99
MgBr, .0005 - ,0035 1.15 ¥ .02
EtMgBy .0838 1.01
Bt Mg .0026L - 00528 ; 0.97 ¥ .ok
MgBr,, .00053 - ,00371 | 1,15 % ,o02
Bt lig .00732 0,98
= molecular wt.

formula wt,.



Single crysfal X-ray studies by Rundle have shown both
phenylmagnesium bromide [ 77] and ethylmagnesium bromide [ 78] dietherates
to be monoieric, with their structures as disfofted tetrahedra based
around magnesium. Proton magnetic resonance studies [79,80] on Grignard
reégents and dialkylmagnesiums and mixtures of dialkylmagnesiums and
magnesium halides in both ether and tetrahydrofuren have shown remarkable
similaritiés, which suggested to these workers that Grignard reagents
were best written as RZMg.MgXZ. Infrgrred spectra of both Grignard
reagents and mixtures of dialkylmagnesiums end magnesium halides are also
identical. However, these authorstSl}considered that equilibrium (1)
was more applicable than (2), in both ether and tetrahydrofuran.

In summarising the latest knowledge on the structure of the Grignard
reagent, it becomes apéarent that no great generalisations can be made.
Vhat is true for one Grignard reagent in one solvent may not be true for-
another Grignard reagent in a different sslvent or even the same solvent.
What can be stated with some certainfy is that from the work of
Vreugdenhil and Blomberg, the Grignard reagent made from ethyl bromide ard
magnesium may be written as EtMgBr when considered in ethereal solution
at low concentrations and that the same is true in tetrahydrofufan.

While Ashby has shown that for some alkyl and aryl magnesium bromides and
iodides their degree of association in ether rises with increasing con-
centration, Wbilst some alkylmagnesium chlorides are almost dimeric evén

at low concentrations.
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L. Beryllium

Diorganobérylliums may be prepared by reacting an ethereal>solution
of the eppropriate Grignard reagent with beryllium chloride dietherate, and
iﬁ some cases by the prolonged heating of beryllium with a diorganomercury.
Dinethylberyllium is a éuBiiﬁable polymeric, solid, end in accord with
its electron deficiency it forms coordination complexzecs with donor mole—
cules such4as trimethylamine. Its reactivity is displayed by its vigorous
reactions with water and air and even carbon dioxide. Both diethyl and
diisopropyl beryllium show some association. The former reacts vigorously
with water, and it is interesting tc note that the latter slowly decomposes.

Gilman claimed to have prepared [ 82] ethéreal solutions of methyl,
ethyl, n-butyl and phenyl beryllium icdides and ethylberyllium bromide by

prolenged heating of beryllium with organic halides in ether with added

mercuric chloride, at 80-90°C. All these solutions reacted vigorously

with water but did not fume in air. The solution of "methylberyllium
iodide" did not react with cerbon dioxide, unlike its magnesium counterpart,
but gave acetanilide with phenyl isocyanate. Gilman also found that on
concentrating an ethereal solution of "methylberyllium iodide", a liquid
residue which fumed in air was produced, and which, on further heating
yielded dimethylberyllium. This led him to believe that the equilibrium s
2RBeX =t BeX, ;RzBe, existéd; particularly since he found that an

ethereal solution of diethylberyllium and beryllium chloride "had the same

characteristics" as a solution of "ethylberyllium chloride" made directly



from a Grignard rsagent and beryllium chloride. ' Gilman isolated no
solid beryllium compounds nor did he present any analytical data.
More recently, Dessy has found that [ 83] there was no exchange of

radicactively labelled beryllium betwsen diphenylberyllium and 7

BeBrZ, in
etier; = thus excluding the equilibrium proposed by Gilman. Instead
Dessy proposes that the equilibrium -

RZBé + BeX, g== R,Be.BeX,
represents the true state of affairs. Later it was found [ 84] thet
beryllium would react with alkyl halidés in the ebsence of ether or any
catalyst to give alkylberyllium halides. By heating the reactants at
13000 for 12 - 60 hrs. these authors obtained éthyl, pentyl and octyl

beryllium iodides and tutylberyllium bromide as solids, insoluble in their

respective alkyl halides.

‘5, Zine

Dialkylzines, which have been’known 1851 since 1849, are stable,
coﬁalent, monomeric liquids, Despite their spontaneous inflammability
in air and their vigorous hydrolysis by water, they are chemically less
reactive than magnesium compounds., They will not react with caern
dioxide, except under pressure, and they do not react with ketones, but
they will react with molecules containing active hydrogen. The most
general method of preparation of dialkylzincs is that due to Noller [ 86],
in which the product of‘the reaction between an alkyl halide and a zine-

copper couple, is heated under vacuum and the dialkylzinc distilled off.



Until about 13 years ago it was tacitly essumed that the interﬁediate
in this preparation was an alkylzinc halide, This was supported by the
fact that unsymmetrical dialkylzines could be prepared from the inter-
action of a Grignard reagent with this intermediate. This preparation
cculd then be written :
RZnX + R'MgX <-=-==—=}» RZoR'  + MgX,.

Solutionsrof alkylzinc halidés made by dissolving the product of the
reaction of an alkyl halide (usually\an iodide) with zinc, were widely
used as reagents in synthetic chemistry until they were replaced by the
more convenient Grignard reagents. ' Such soluticns were known as
Blaise [ 87] reagents. Even recently the reactions of such sclutions of
alkyl compounds were described [ 88], and the reacting species referred to
simply as "a solvated organo-zinc compound". Blaise also prepared
solutions of "arylzinec halides" by reacting zinc halides with solutions of
Grignard reagents. When he attempted tc¢ isolate a solid product from
these solutions he obtained compopnds containing both zinc and magnesium,
‘He did not attempt this isolation for aliphatic compounds.

Three routes are apparent for the possible preparation of organo-
zinc halides :

Zn + RX =——> RInX , — (2)
R, Zn + ZnX, w3  2RZnX (1)

RMgX + InX, ~—3 RZnX + MgX,, == e)

Jander end Fischer [ 89]obtained identical solid products, both analysing



for ethylzinc iodide, frem reaction schemes (a) and (b). However, the
samge analytical figures would have been given by another possible reaction
product, (EthI)Z, which is apparent if it is assumed that there is a
possibility of the Schlenk equilibrium being aepplicable to zinc as it is
to magnesium :

2RZnX .?-—:::% RZZn + ZnX2 == R Zn.ZnX2 e (3)

2
Kocheshkov and Sheverdina have described in a series of papers [90,91,92,93]
the preparation of alkyl and aryl zinc halide dioxanates, by the addition
of dioxan <to the reaction mixtures from scheme (b), in ether. In the
case of R = Bt, X = I, they obtained identical dioxanates from.all three

- schemes. Previously it had been suggested ! 941 that for R = Et, X = Br,
the righthand part of egquilibrium (3), only, was applicable, on the bdasis
of some solubility measurements on mixtures of diethyléinc and zinc bromide
"in heptane. Dessy found [ 951 that statistical exchange of radioactively
labelled zinc occurred ﬁetween diethylzine and 65ZnClé in both ether and
tetrahydrofuran, thus showing that either ethylzinc éhloride existed or
that é non=-ionic exchange had taken place. He separated the spescies
present in solution by the differing sclubilities of their 2,2'dipyridyl
complexes, yet did not obtain an ethylzinc chloride complex, which would
irdicate that the lefthand part of equilibrium (3) lay well to the right,
or that the addition of the dipyridyl had pushed it to the right. As with
magnesium the proton magnetic resonance spectra of "ethylzinc iodide" and

diethylzine in ether, have been found [ 80] to be identical,
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On the purely preparative side, it is known that in the presence
of highly solvating soivents such as dimethylformamide [ 96,97] and
dimethyl sulphoxide [ 96], alkyl iodides and bromides will react with
zinc alone, although alkyl bromides react more readily [ 96] with a

zinc-copper couple than with zinec alone, even in such solvents.

6. Cadmium

The easiest method of preparation of diorganccadmiums is by the
action of cadmium halides on the appropriate Grignard reagent in ether;
from which mixture the product may be distilled off. The cadmium
dialxyls are monomeric, covalént‘liquids which decompose readily above
i50°G¢, They are chemically less reactive than dialkylzines; mnot igniting
so readily in air, but still reacting with molecules containing ac-ive
hydrogen. Their ease of hendling as compared to the dialkylzincs suits
them better for the preparation of ketones (with which they do not react)
from acid chlorides.

Alkylcadmium halides have been prepared [ 93,981, only recently,
by the addition of dialkylcadmiums to suspensions of cadmium halides in
ether, Filtration, followed by removal of the ether under reduced pressure
yielids powdérs analysing for RCAX., In this way ethylcadmium chloride,
bromide and iodide, and n-butylcadmium bromide have been made. Chemically
they behave similarly to their parent dialkyls; ‘oxidising in air but not

ignitirg, and being rapidly decomposed by water and ethanol, and also



yielding ketones with acid chlorides. The euthors make the reservation

C L] L] i
5 a CdX2 This

formulation has been suggested [943 for the species present in a tetra-

thet their products could equally well be written as R

hydrofuran solution of diethylcadmium and cadmium bromide,

7. HMezcury

Dialkylmercury compounds may be prepared from & mercuric halide,
and a Grignard reagent or lithium alkyl, and diarylmercury compounds from
the reduction of arylmercuric halides., Both aialkyl and diaryl mercury
compounds can be made from the action of a sodium amalgem on the appro-
priate halide, in toluene. Unsymmetrical diorganomercury compounds can
bs made from an organomexrcury hglide and & Grignard resagent. Large
numnbers of diorganomercvury compounds arc known. Their chemical
reactivity compafed to the other compounds mentioned in this chapter is
very low; they are unaffected by water and the atmosphere and even
dilute minerél acids, and give few of the reactions typical of the
compoundskalready mentioned. The dialkyls are monomeric liguids and
the diaryls mostly solids.

Alkyl. and aryl mercuric halides are known on as large a scale as
the Jdiorganomercury compounds, They are well Characterised as stable
mencmeric solids, as inert chemically as their perent diorgenomercury
compounds. They behave as covalent compounds, sometimes steam volatile.

RHgX coapounds where X is nitrate, sulphate, acetate, cyanide, etc., are



-51-

also known; their degree of polarity depending on the tendency +to

ionise as RHg+X-. Organomercury halides may be prepared by the interaction
of a Grignard reocgent and a mercuric halide, or by the action of a

halogeh on a diorganomercury. The relationship between organomercury

halides end diorganomercury compounds, represented by the equilibrium :

R Hg + HgX, == 2RHgX,

which normally lies far to the right, has been discussed earlier.



DISCUSSION




SECTION T

THE PURPOSE OF THE WORK

The mechanisms of the alkyl exchange reactiéns of organomercury com-
pounds have been the object of much study recently and the purpose of
the present werk was to extend these studies by identifying and studying
elkyl exchange reactions which involved transfer of an alkyl group from
zinc to mercuiy.

Dialkylzincs were chosen since they are stable, monomeric liquids,
easily prepered and purified, and they undergo the reactions typical of
organometallic compounds. In addition they have recently been shown
to be amenable to kinetic studies in the form of comparative rate studies
at least [ 38]. In the present work studies of both the absolute rates
and the comparative rates of reaction of dialkylzincs with organomercury
halides were attempted, Since the resulis obtained were not cocmpletely
satisfactory "ethylzinc iodide" solutions were used in similar studies
of absolufe rﬁtes of reaction in the hope that these reactions might be
siower. This led to a study of the precise nature of "ethylzinc iodide"
end, in particular, its relation to diethylzinc and zinc iodide as shown

by the equation :

EtZZn + ZnI2 %;gg 2EtZnI,

which is an aikyl exchange reaction involving transfer of an alkyl group
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from zinc to zinc, Similar studies of the corresponding bromide
system were also underteken, and in both the iodide and bromide systems
use was made of complexes of N,N,N',N'-tetrancthylethylenediemine

(TMED) end N.M,R. studies of these complexes.
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SECTION IT

KINETIC STUDIES

1. The identification of the reaction between diethvlzinc and phenylmercuric

chlorids

The identification of the reaction between a dialkylzinc and an
oiganomercuric halide would be made easier if the organic groups on the
zinc and the mercury were different. Diethylzinc was chosen as one
reactant since it is a typical member of the homologous series of symmetri-
cal dialkylzincs and easier to handle than dimethylzinc. Phenylmercuric
chloride was chosen aé the other reactant since out of a wide range of
organomercuric’halides evailable it is one of the least objectionabls,
The choice of solvents in ﬁhich to study the reaction was limiteq to those
which would not react with dialkylzincs and yet would dissolve phenyl-
mercuric chloride in sufficient quantities. Tetrahydrofuran anl diethyl
ether were chosen as solvents.,

The.main reaction between diethylzinc and phenylmercuric chloride
was envisaged as being : Et,Zn + PhigCl —> EtHgPh + EtZnCl ... (1)
perhaps fqllowed by

EtHgPh + BtZnCl —> Et Hg + PnziCl . eee  (2)
Possible side-reactions, no matter how unlikely some of them may be,

are @



EtHgPh + Bt Zn —> Bt Hg + EtZnPh | eer (3)
PrHgCl + EtZnCl ——> EtHgPh + ZnCl, e (W)
EtHgPh + PhZnCl —> PhHg + BtZnCl eee (5)
Et Hg + EtZnCl —> EtHgCl + Et,Zn oo (6)

At this point it is necessary to note that EtZnCl and PhZnCl may not

exist as such but as equimolear mixtures of Et. Zn + ZnCl2 and PhZZn + ZnCl

2

respectively. The reasoning given below, which is based on guantitative

2,

observations,'is unaffected by this possibility since the number of bonds
on cach side of the equations will still balance. In addition side-reaction
(i) would become the same as reabtion (1).

In the first instance the occurrence of side-reactidns was guarded
against by always having diethylzinc present in excess of the phenyl-
mercuric chloride based on equetion (1). The occurrence of reacticns (5)
and (6) depends on the initial occurrence of reaction (2). Hydrolysis
of the final reaction mixture with careful‘meésuremenﬁ of the volume of gas
produced and then iodination of the mixture followed by analysis of V.P.C.
to detcrmine Which_organic iodides are present would distinguish between
the occurrence of reactions (1) and (2) or a mixture of both. This is
mede clear by the following reaction schemes:

Scheme A (reaction (1)):

Et,Zn + PhHgCl —3 TtHgPh + EtZnCl + Bt Zn

(x moles)+(y moles) (y) jéy) (x=y)
Io 20
E+I + PhI + Hg12 ¢~ TEtHgPh + EtH + Zn(HO)2 + ZnCl2

) &) (¥) (2x-y)




Scheme B (reactions (1) + (2)):

Et,Zn + PhHgCl —> EtHgBt + PhZnCl + EtZn

(x) () (v) j’(y) | (x=y)

f H,0

I
EtI + HgI, { EtHgBt + PhH + EtH + Zn(OH)2 + ZnCl
(2y) (v) (v)  (2x-2y)

2

Scheme A represents the transfer of one ethyl group from zinc to mercury
and would lead, on hydrolysis, to the evolution of 2x=~y moles of ethane,
and after iodination would show the presence of ethyl iodide and iodobenzene
only. Scheme B represents the‘transfer of both ethyl groups from zinc

to mercury and would lead, on hydfolysis, to the evolution of 2x -2y moles
of ethane, and after iodination would show the presence of ethyl iodiAe and
benzene only, when analysed by V.P.Cs A mixture of the two schemes A and B
would lead to intermediate vclumes of efhane and mix%ures of ethyl iodide,
iodobenzene and benzene. The results of experimernts such as these are
shown in Tables 11 and 12. (In the tables the term "Vol. of gas expected"
refers to the volume of ethane expected if reaction (1) [ Scheme Al, only
occurred)’ The volumes of ethane evolved from experiments in both tetra-
hydrofuran and ether corresponded to reaction (1) only. For comparison
the volumes of ethane that would be expected if no reaction occurred,

for reaction (1) only [ Scheme A] and for reaction (1) and (2) [ Scheme B]

are given in Teble 8,
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TABLE 8
: Vol.of gas ; Vol.of gas § Vol. of gas : Vol.of gas ; ,
Run Nb.% for no ! for § for ' observed E Solvent
{ reaction | reaction reaction ! ;
; (A c @)+ (2) (B
12 w8m. | 109ml. ;  72n0l, | 106 ml. | THF
15 1w | 128 86 | 129 | TE
i ;
16 147 . 103 | 59 {104 THF
: i |
17 150 P11l 72 b2 | THP
18 206 183 | 161 t175 ether
19 246 226 207 220 ether
20 129 10k 78 99 | ether
{

Analysis of the iodinated reaction residue showed the presence of
ethyl iodide and iodobengene only, when the reaction mixture had been
hydrolysed by water. This result augmented the results obtained from
the measuremehts of gés volumes and confirmed that reaction (1) only was
occurring. In cases where dilute mineral acid was used to hydrolyse
the reaction mixture, ethyl iodide and benzene only were detected in the
jodinated residue. This is interpreted as being due to hydrolysis of
the phenylmercury bond of ethylmercuric phenyl produced by reaction (l),
under the conditions used, i.e. in refluxing tetrahydrofuran.

The exclusion of the occurrence of reaction (2) automatically




excludes reactions (5) and (6). Reaction (3) would lecad to the evolution
of less ethane than that expected for reaction (1) and to the presence of
benzene in the reaction residue, even in cases where hydrolysis had been
done using water (from the EtZnPh), Reaction (L) is unlikely since the
diethylzinc was present in an excess. Analysis of the iodinated reaction
residues was only possible for those experiments performed in tetra=-
hydrofuran, but since the volumes of ethane evolved from experiments

done in ether corresponded to reaction (1) it is concluded that reaction (1)

is the only reaction occurring in both ether and tetrahydrofuran, under the
conditions of these experiments.

2. An attempted study of the kinetics of the reaction between diethylzinc

and phenylmercuric chloride and between diethylzine and ethylmercuric chloride

The identified reaction, EtZZn + PnHgCl = EtHgPh + BtZnCl was
studied in both tetrahydrofuran and ether at 0°C. The reaction between
diethylzinc and ethylmercuric chloride was taken, by analogy, to be
Et,Zn + EtHgCl - Et Hg + EtZnCl, and was studied in the same solvents,
also at 0°C. The reactions were stopped by pipetting samples into
saturated’aqueous potassium hydrogen phthalate at 0°C, which was found, in
check experimnts, a sufficiently strong acid to.dissolve any zinc hydroxide
that might be produced, and yet not to hydrolyse the organomercury compounds
present. The quenched reaction samples were then shaken with benzene,
which extracted the organomercury compoundg. The chloride content of the

aqueous layer was then determined., This represented the amount of chloride
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transferred from mercury to zine, i.e. the extent to which reaction had
occurred. = Check experiments showed that this analytical procedure (including
the benzene extraqtion) would produce results consistent to within 3%. |
One point only was taken in each experiment to give some idea of the time

scale of these reactions. The results, shown in Table 13, show that the
reactions were too fast to follow kinetically, and hence nothing can be

deduced about their mechanisms, Slight inconsistencies in this table are

due to the fact that with the organomercuric halide concentration less than
about 0,005M the end-points of the titratiohs become more difficult to
determine. The reagents were only used in such low concentrations in an

attempt to gain a rough idea of the time scale of the reactions.

3. An attempted study of the kinetics of the reaction between ethylsine

jodide and phenylmercuric iodide in tetrahydrofuran at 0°C.

The reaction to be studied was envisaged as

EtZnI + PhHgl -—> EtHgPh + ZnI2

and hence the same analytical procedure as before could be used. The
amount of'iodide found in the aqueous layer (allowing for the iodide due
to the EtZnI), would be a messure of the extent teo which reaction had
occurred. Ethylzinc iodide was used in the hope that the reaction would
be slower than that using diethylzinc, and the ﬁhenylmercuric halide was
changed from chloride to iodide to prevent halide exchange reactions.

The results, which are given in Table 14, show that after an initial
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burst of activity the reaction rapidly tails off and was never found +to
have proceeded beyond 65.9%. The results would not fit second order
kinetics (first order with respect to each reactant) nor would they fit
first order kinetics with respect to either reactant. = This reaction was

1ot investigated any further.

L. An attempted study of the kinetics of the reaction of ethylzinc iodide

with mercuric ilodide in tetrahydrdfuran at 25°C,.

Ths reaction studied Ethi + HgI2 3 EtHgT + Zn12 was followed by
determining the concentration of ethylzinc icdide by acid/alkali titrations,
The reaction was followed using a flow apparatus (see Fig.§ for apparatus
and pege 115 for details of its operation). The reaction was not
followed by titrating for iodide as in previous kinetic experiments since
the partitiOn of the mercuric iodide in the solvent extraction process
might be affected by both the tetrahydrofuran and by other species con-
taining iodide ion,

It was confirmed in check experiments that ethylmercuric iodide
would not interfere in the acid/alkali titrations. Bromocresol purple
was used as the indicator in these titrations, in which the kinetic sample
was mixed with an excess of acid and the acid back~titrated with sodium
hydroxide, since its colour change from yellow to purple occurred before
the precipitation of zinc hydroxide, and also since its colour change was

not greatly affected by the presence of tetrahydrofuran., The results of
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these experiments are given in Table 15, and show that this reaction was too
fast to follow kinetically. (Over the range of reaction in which it was
possible to follow the kinetics the data would not fit second order kinetics,
and the reaction appeared to be tailing-off rapidly, as might be expected
in the range 80-90% reaction. Again no conclusions regarding the mechanism
of the reaction may be drawn.

Cne run was performed between ethylzinc iodide and potassium mercury
tri-iodide. In this case the presumed electrophilic attack on %he zinc

compound would be by HgI3 and would be expected to be slower than attack

by HgIz. However this reaction was again too fast to follow.

5. An attempted study of the kinetics of the reaction between ethylzine

iodide and ethylmercuric iodide in tetrahydrofuran at 25°C.

The reaction studied was EtZnl + EtHgI “==9'Et2Hg + ZnIz. The same
apparatus and techhiques were used in following this reaction as for the
previous reaction. The results, shown in Table 16, were calculated on the
assumption that the quenching acid was consumed by ethylzinc iodide only.

The results obtained are explained‘by a slow hydrolysis of the diethyl-
mercury produced in the reaction, This was not verified in check experiments
because of the toxicity of diethylmercury. Thus the analytical method

used was inappropriate and the initial reactionvit was intended to follow

must have been very fast.




6. Conclusions

The rates of the following three alkyl exchange processes, where

(x = 1)
R Hg + HgX, —> 2RHgX vee  (a)
R,Zn + ZnX, —3  ORZnX cee  (b)
R Zn + HegX, ~—> RZnX + RHgX eee (),

may be summarised as: (a) slow; (b) slow (c.f. Section IV of this dis-
cussion); and (c) fast. These differences may be due to the order of
the electrophilicity of the attacking metal halides being in the order
HgX2:> ZnXZ, and the nucleoPhilicify of the a-carbon atom of the dialkyl
metals being in the order RQZn’} RZHg. Thus, in order to find a metal to
unlike metal alkyl exchange which proceeds at a measureble rate im olving
either zinc or mercury, it would seem necessary to react either a mercuric
halide with an alkyl metal compound in which the a-carbon atom has a less
nucleophilic cheracter than that in a zinc compound (e.g. the reaction

of & tetraalkyltin with a mercuric halide), or to react a dialkylzinoc
with a metai halide less electrophilic in character than a mercuric

halide (e.g. the reaction of a dielkylzinc with a cadmium halide),
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SECTION ITT

COMPETITIVE STUDIES

The method of reacting approximately equimolar mixtures of dialkyl—
zincs with a deficiency?¥eagent to determine the relative rates of reaction
of the two dialkylzincs with that reagent has been used successfully before
38,991, The reaction of phenylmercuric chloride; with a mixture of
dimethyl and diethyl zinc in tetrahydrofuran at 25°C and in ether at reflux
ﬁemperature; “with a mixture of diéthyl and diwn-propyl zinc in tetrahydro-
furan both at 25°C and at reflux temperature and in ether ot refiux
temperature; énd with a mixture of diethyl and di-i-propyl zinc in tetra-
hydrofuran at 25°C and reflux temperature and in ether at reflux teaperature,
was studied. Since the boiling point of dimethylzinc is 44°C it was not
possible t§ study the reaction of phenylmercuric chloride with a mixture of
dimethyl and diethyl zinc in refluxing tetrahydrofuren.

The results of the competitive experiments are shown in Tables 17,

18 and 19, on pages 121,123=k. In these tables the first three columns
give the amounts of reactants used. The phenylmercuric chloride was weighed
out. The amounts of dialkylzincs used were known since capsules containing
knownvveights of dialkylzine mixtures were used. The percentage composition
of these mixtures was checked from time to time dur;ng each series of runs

. : n 1
but no significant variations were found. The column headed %% refers

orig'l




to the composition of the gaseous mixtures evolved upon hydrolysis of
samples of the mixtures of dialkylzincs used; and so gives a value for the
percentage composition of the mixture of dialkylzincs used. The column
headed "Vol. of gas expected" refers to the volume of gas that would be
expected after hydrolysis.if only one alkyl group is transferred from zinc
to mercury. The c§lumn headed "E%% found" refers to the composition of the
gaseous mixture evolved upon hydrolysis. The final column gives the re~
lative rates of reaction of the two dialkylzincs used in the experiment.
The reaction was followed by hydrolysing the reaction mixture after
reaction had occurred (10 minutes was found to be an adequate time to
ensure complete reaction) and measuring the volume of the hydrocarbon

mixture produced and analysing it by V.P.C. to determine the ratic %@H.

%, is given by : [100]

K log.{mole fraction of R, Zn remaining)

k' © TIog.(mole fraction of R,'%n remaining)
and for this purpeose a deficiency of phenylmercuric chloride was always
' R Zn
used, also the initiel ratio of RV gn Ves kept as close to 1 as possible,
2

A sample calculation is given below @
in general terms the reactions occuring are :

Me Zn + PhHgCl —> MNeHgPh + MeZnCl + e ,Zn
(a)moles (x)moles (x) (x) (a-x)

Et2Zn- + PhHgCl =-—> EtHgPh + EtZnCl + EtZZn

(b) (v) () (v) (b-y)
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which on hydrolysis would yield 2a~x moles of methane and 2b-y moles of
¢thane, '

The expression for the relative rates becomes :

b=y
kEt _ log b

- a=x
kMe log -

This expression for the relative rates of reaction is only applicable to
the reaction scheme shown above, which is based on the assumption that
alkylzinc chlorides exist as distinct species. If this is not so, the
expression used for the relative rates will not hold, but since the reacfing
dialkylzincs were always present in excess over the phenylmercuric chloride
the differences between the relativé rates found using the expressiosm for
relative rates given above and the true relative rates will not be large.
Taking for example run number 47 from Table 17, then
& =1,570 x 10 moles and b = 1,707 x 10 moles. The volume of gas
collected was 129 ml, but the volume expected for the reaction indicated
was 127 (+9) ml.; in all calculations the volume of gas expected was the
figure used in calculating the comparative rates. The analysis of the

mixture of hydrocerbons evolved showed

EtH _ ..
ol 0,913(4).

Hence 1.913(4) ml. contein 1 ml. of MeH ond 0.913(L4) ml. of LtH,

MeH/EtH = 1/0.913(4) or

‘. | . . 12 . 7
.. 127.(9) ml. contain 1.913(h§ i9;2A00 moles of MeH and
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127.(9) x 0,913(k)
1.913(4) x 22400

moles of EtH,

i.e. 127.(9) ml. contain 2.986 x 10 moles of MeH and 2.727 x 10> moles

of EtH,

=3

Hence 2a - x = 2,986 x 107 .. ox= 0.154 x 10 ~ moles

= 0.687 x 10> moles.

and 2b -y = 2.727 x 107 e ¥ =
{1,707 - 0.687)
kEt = 10g\> 1.707 / — I+ 9(78)
e — F L LB - oaEy T
k-Me \ 10570

The figures for the analyses of the hydrocarbon mixtures produced
on hydrolysisrof all the reactions éerformed in tetrahydrofuran, whether
at 25° or at reflux temperature, were considered to be within experimental
error of the original values of B%% before the experiments were performed,
end in these cases the two dialkylzincs were considered to have reacted
at the same rate, Taking an average of the values for the comparative
rate of reaction of dimethylzine and diethylzinc with phenylmercuric
chloride in ether (Table 17) it is found that diethylzinc reacts 4.5 times
faster than dimethylzinc. Agein, taking an average of the values in Table 18,
it is found that di-n-propylzinc reacts 3.7 times faster than diethylzinc
in refluxing ether. The values for the comparative rate of reaction of
diethylzine and di-i-propylzinc in refluxing ether are too scattered to have

any meming, and reactions involving di-i-propylzinc will not be considered

noW [ ]
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The results obtained may be presented in table form on the style
of Tables 2 and 3.

TABLE 9

Relative rates of reaction of RQZn with PhHgCl

: R2Zn + PhHgCl R_Zn + PhHgCl: R Zn + PhHgCl

] 2 2 i

] in B0 | in THP in THF z

R | at 35°C | at 250 at 65 !
=+ ——

Mo | 100 ' 100 L 100 §

i 7 i H

Et f 450 {100 100 ’
! i

n-Pr % 1,665 {100 100 é

i ' !

; ; )

The comparative rates of reactioms performed in ether are not in very
good agreement and this may be due to the fact that the experimental method
used depends not upon analysing the products of the reaction, but upon
analysis of the products of hydrolysis of the products of reaction tcgether
with reactants remaining. However, even if the absolute values of the
comparative rates are of slightly dubious validity the experiments certainly
showed that the order of reacfivity was Me < Bt < n-Pr, in ether, and that
the orders of magnitude involved are very small, The results of the com-
petitive studies in ethereal solution will be considered in detail first.

.Since the absolute kinetics of these reactions could not be studied

the molecularity of these reactions could not be determined, but it seems




unreasonable thaf they should be other than either first order with respect
to one reactant and zeroth order with respect te the other, or first order
with respect to each reactant., Considering the possible mechanisms listed
in Part & of Chapter I, some of thess may be eliminated straight away.

The possibility of the reaction proceeding by an alkyl bridge mechanism

may be rejected since in that case it would be expected that when

RZZn = Mé Zn, the reaction should proceed very much faster than cases in

2

which R is ethyl and n-propyl. The S5_C mechanism may be rejected due to

E
the absence of any notable coordinating group in either reactant. A
mechanism in which the rate determining step depends upon an ionisation

of the phenylmercuric chloride may be excluded since then all the dialkylzincs
used would react at the same rate with phenylmercuric chloride., An SEl
mechanism in which the rate determining step is an ionisation of the

dialkylzinc; R,Zn R+ RZn+, meay also be excluded since the +I

2
effects of the n-alkyl groups are in the order Me < Et « n-Pr and hence

(since +I effects would retard such an ionisation) an order of reactivity
Me > Et > n-Pr would be expected in such a case. The mechanisms left

are SEZ and SEl.

It would be expected [ 6,36] that an open 5,2 mechanism

f* ZnR T
R - ZnR + PhHgCl —> | R _ | —> RZCl + Righh

i
“HgPhCl

would lead to a steric sequence of reactivity, i.e.,




Me2Zn EtZZn > n—PrZZn. However a closed transition state mechanism,
SEi,
— R N
\
Zn i
R ,C1 |
S !
| NS 3
i I;g !
- Ph -

weuld be expected to lead to a "mixed sequence" with an interplay of steric

1 (o}

and inductive effects. Table 2 on page 27 shows a number of reactions

involving metal alkyls of the typé R M in which just such a sequence is

2
observed:
! To. | R=Me | Bt | n-Pr Reaction
10 | 100 ony | 102 R,Zn + p-toluidine in Tt,0
11 100 630 390 ' R Hg + HC1 in DISO/Dioxan
b 16 100 2080 | 2260 R Hg + Hgl, in Dioxan
zThis work | 100 450 1650 | R,Zn + PhigCl in Et,0

In a solvent such as ether a transition state such as an SE2 one

carrying & charge separation 1s not expected torbe favoured, and the sequence

found in this work, although polar in nature, is less pronounced than a

C reaction (c.f., Teble 3).

wholly polar sequence such as is found in an SE
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Thus the sequence found in this work is suggested as indicating an S

El-type
transition state :
R R R
e
Zn | Zn Zn
ot - AN
~, . . ! L S~ RN
R { €l == i R Cl| =—> "Cl
l’: ;‘/,»" f h S ' g
Hg i Hg’ +
| f |
Ph - m - SN
I;Ig
Ph

Considering now the competitive studies performed in tetrahydrofuran
in which all the dialkylzincs appeafed to react at the same rate, it is
suggested that in these cases the reactions were so fast that no difference
in rates was discernible. It is known thet dimethylzinc will form o complex
with tetrahydrofuran [101] and it is not unreasonable to expect that other
dialkylzincs will also show a similar tendency. Complex formation of this
type wculd tend to weaken the carbon to zinc bonds in the dialkylzinc,

(It has been shown that the carbon to metal bonds in Et.4l and EtjGa are

3
weaker in ethereal solution than in the neat liquids [102],) Thus weakened,
the bonds would break more readily and the reaction would be expected to
occur very rapidly. An increased reactivity of organomagnesium compounds)
in such strongly solvating media as tetrahydrofuraniand dimethoxyethane has
been observed in the alkylation of metallic halides [102a}. Although the

elkylation of phenylmercuric chlcride is fast both in ether and in tetra-

hydrofuran it is éuggested that complexing such as @




and that the alkylation in tetrahydrofuran would be much faster than in
ether, Hence the discrimination by the phenylmercuric chloride in reacting
with c¢ither of the dialkylzincs present in the mixture will become less, and
in the limit the two dialkylzinés present will react at the some rate with
the phenylmercuric chlcride.

Finelly, considering the competitive studies between diethylzinc and
di—i—proP&lziné, mention must be made of difficulties encountered in the
handling of di-i-propylzinc. During the fractional distillation of di-i=-
propylzinc in the final stage of its preparation it showed a ready tendency
to decompose, depositing metallic zinc; much more so than diethylzinc and
di-n~propylzinc., Also whilst being handled in the nitrogen box it readily
decomoosed depositing metallic zinc when exposed to an atmosphere in which
diethylzinec scarcely fumed at all,

These observations, together with the scattered results of the
competitive studies in ethereal solution, preclude experiments involving

di=i=-propylzinc from the discussion on mechanisms.




SECTION TV

THE NATURE OF ALKYLZINC HALIDES

The use of sclutions thought to contain ethylzinc iodide in some of
the kinetic studies prompted an investigation of the preciée neture of ethyl-
zinc iodide, particularly since conflicting reports were to be found in the
iiterature [ 80,89,94,95]. This work was also extended to a study of ethylzinc
bromide. The crux of the problem is which side of the equilibrium :

2RZnX == R/ Zn + ZnX, eee (1)

2
is favoured and under what conditions.
The work done will be dealt with in two parts. Part A is concerned
with isoleting solid N,N,N',N'-tetramethylethylenediamine (TMED) coiplexes.
Part B concerns the use of N.M.R. to inveétigate the species rresent in
soluilon, and also some observations made during these studies, but which

are not directly cencerned with investigating the nature of alkylzinc halides,

will be included in it for the sake of convenierce.

PART A - TIsolation of complexes

1. Ethylzine iodide

Addition of TMED to solutions of ethylzinc iodide (prepared as on
page 106) in both ether and tetrahydrofuran yielded a 1 : 1 complex of
ethylzinc iodide and TMED. Identical products were obtained from solutions

of ethylzinc iodide that had been freshly prepared and from solutions that




had been kept for several weeks. A 1l : 1 zinc iodide complex was prepared
from both THF and methanolic solutions for use as a reference compound,

- Both the ethylzinc iodide and the zinc iodide complexes are new compounds.
Attempts to isolate a diethylzinc complex wefe unsuccéssful. Addition of
TMED to an equimolar mixture of diethylzinc and zinc iodide in THF - kept

at room temperature - yielded the zinc iodide complex only, when the

uddition was made after the mixture had been made only two hours. Addition
of TMED to a similar mixture that had been kept for seven days at 25°C,
yielded the ethylzins iodide complex only. The possibility that the addition
of TMED had pushed equilibrium (1) [X = I, R = Et] to the right, in the first
experiment, is removed by the isolation of a different complex in the seéond
experiment. It is conuluded that the natural position of equilibrium (1)
for R = Et, X = I in tetrahydrofuran, is to the left but that some time is
necessary for the system to reach equilibriuwa at the concentrations used.

The possibility that ethylzinc iodide exists as a dimer (EthI)2 as some
Grignard reagents ao [ 76] was removed by molecular weight determinations.

The molecular weight of the species present in ethylzinc iodide sclutions

in both THF and ether was determined by ebullioscopy. The results are shown
in Teble 22. The degree of association found was never greater than 1.37
over the range of concentrations used. (0.03 = 0.4 in THF and 0.019 - 0.10M
in ether.) More significently, the degree of association found showed no
trend with varying concentration. It is known that traces of moisture and

oxygen can greatly increase the observed molecular weights in determinations




on alkylmagne;ium halides and trialkylgalliums | 73,103}, and so it is con-
cluded that ethylzinc iodide is present mainly in a monomeric form in THF
and ether in the concentrations used.

In one instance when the complex-forming experiments in tetrahydro-
furan were being repeated, the solution of diethylzinc and zinc iodide was
inadvertently allowed to become warm on being made up. In this case a
material with analysis figures intermediate to those of zinc iodide complex
and ethylzinc iodide complex was obtained when THMED was added to the mixture
after it had been made up for two hours, which demonstrates that the
syn~proportionation reaction :

Bt 4n + ZnI ety

2 2 i

proceeds quite readily under these conditions.

2BtZnT

Unfortunately zinc iodide was not sufficiently soluble in ether to
allow the complex-forming experiments performed in tetrehydrofuran solution

to be repeated in ethereal solution,

2 Ethylzinc bromide

Attempts to prepare ethylzinc bromide by the direct reaction of ethyl
bromide on zinc were unsuccessful, except when ethyl bromide in dimethyl-
formamide was refluxed in the presence of a zinc-copper couple, when a
reactive solution was obtained. However, attempts to isolate a TMED complex
of the species present in solution were unsuccessful. It may have been

that a competition for the species present in solution occurred between TMED




and dimethylformamide.

Addition of TMED to an equimeclear mixture of diethylzine and zirc
bromide in tetrahydrofuran yielded the zinc bromide complex when the addition
was made both two hours after the mixture had been made up and after it had
been kept for seven days at 25°C,

Addition of TMED to an equimolér mixture of diethylzinc and zinc
bromide in diethyl ether after the mixture had been made up for fifteen
minutes yielded a complex whose analysis corresponded tec EtZnBr.TMED, The
melting point of this material was 46°C, but it was not preparéd in sufficient

'quantity to allow it to be recrystallised to a constant melting point.  The
ethylzince bromide complex is alsc a new compound.

Thus ethylzinc tromide appearé to be more labile than ethylrinec
iodide in tetrehydrofuran and equilibrium (1) (R = Et, X = Br) lies to the
right, Whilst in diethyl ether the equilibrium lies to the left. This
difference in behaviour in the two solvents may be dus to the greater sol-
vating (or complexing) ability of tetrahydrofuran as compared to ether,
causing the right-hand side o equilibrium (1) to be more favoured in

tetrahydrofuran.

Conclusions
This work has shown that an idenmtical product, ethylzinc iodide

is obtained from the following two reactions :

BtI + UZn =———

s

EtZZn + ZnI2 —




which is in agreement with the work of Jender and Fischer [ 89] although
these latter workers did not characterise their product.  Furthermore,
the identification of ethylzinc iodide in ether and tetrahydrofuran now

explains the preparation of unsymmetrical dialkylzincs as mentioned on pe 47.

R_MgX/Et20
EtI + Zn = EtZnl ——%3 EtZnR.

Previously only one set of work on the ethylzinc bromide system had been
reported [ 941, in heptane solution, and then in a manner which renders inter-
pretation of the results difficult. Work in which mixtures of Et.Zn and

2
'65Zn012 in ether and tetrahydrofuran were treated with 2,2'-dipyridyl to
precipitate a zinec chloride-dipyridyl complex [95] made no mention of
interference by ethylzinc chloride, Thus, from chemical evidence,the main

species existing in solutions of ethylzinc halides may be summarised as :

Solvent Ether THF Rof.
X=1I EtZnI EtZnI This work
X = Br EtZnBr EtZZn + ZnBr2 This work
X = Cl  Bt,Zn + ZnCl, EtZn + ZnCl, [ 95]

A possible explanation of these results is that tetrahydrofuren forms a very
strong complex with zinc halides compared with ethylzinec halides and diethyl-
zinc., - Hence in the equilibrium

Et,én + ZnX,  g===2 2BtZnX ,

the side containing the zinc halide is more favoured in tetrahydrofuran.




PART B - N.M.R. Studies

The N.M.R. spectra of the ethylzinc groups in ethylzinc iodide (pre-
pared as on page 106) and diethylzine in tetraehydrofuran were found to be
identical, and also identical with the spectrum of a mixture of the two com—
pounds (Figs.6 and R The fact that these two compounds should have the
same N.M.R. spectrum is unusueal. The possibility of a rapid exchange in the
system diethylzinc plus ethylzine iodide cannot, however, be excluded. In
view of the previous results found in this work this similarity of spectra
is interpreted as showing that N.M.R. cannot distinguish the two compounds
'and not as shoewing that the same species were present (as concluded by Evans
and Meher from studies in ethereal solution [80]). For comparison the

7-values obtained in this work and those obtained by Evans and Msher are

shown in Table 10.

TABLE 10
T values for the ethylzine group

: Solvent EtZnT % EtZZn
> CH, ¢ Cy 2 CH, T CH,
- - | - 9.698 | 8,854
lBe,0 9.651 ~ 8.78 9.778 8.874
dioxan - 9.740 8.897 - -
010112c12 | - - 9.7kl ; 8.87
CcH, - - | 9.85:1 * 9. 06
o 9.92 i 8.95 9.92 z 8.95

! ; i

* This work (average of several spectral velues)




The spectrﬁm of a THF solution of THED showed two peaks due to the
amine; one at 7.74 ?irwhose area was one third of the area of the second
peak at 7.90 T . The first peak is due to the protons of the methylene
groups in the amine and the second is due to the protons on the methyl

groups. Considering the formula of the amine; (CH;),,. M. CH CH, . N(CH;) ,,

2
it is seen that there are 12 methyl protons and L methylene protons per

molecule, hence the areas of the peaks due to these should be in the ratio

3 : 1.

1. The system ZnI2 + TMED

The 4~ values of the amine peeks of spectra of solutions of zinc

iodide with varying amounts of TMED (Table 20) are lower than those of the
uncomplexed amine as might be expected due to electron withdrawal from the
amine in complex formation. When the amine is present in excess over the
zinc iodide the peaks due to the amine broaden and shift to high magnetic
field towards the position of the peaks due to uncomplexed amine (Fig.8).
is suggested that equilibrium (&) lies well to the right :

TMED + ZnI, o= ZnI,.TMED “eee (&)
and so when theyamine is present in deficiency it is all coordinated onto
the zinc iodide. When the amine is present in excess an equilibrium as
in (b) begins to operate

TEED®™ + ZnI,. THED == ZnIZ‘,TMEDx + THED oo (®)

which leads to a merging of the peaks due to free and complexed aminc.

It
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Purely as a guide to the rate of this exchange process if the difference
in frequency in c.p.s. for the peeks due to complexed amine and uncomplexed
emine (4O c.p.s.) is substituted in the formula for the half-life of a

species in an exchange process with equal populations at each site, in which

the exchange process causes the peoks to just merge,

J—
V2
S

t o= oo )

rio4]s

a value for t, the half-life of a species at one sites of 0,0056 secs. is
obtained. However it was found that the separation and positions of the

- two amine peaks varied with concenfration; diluting & mixture of zinc
iodide and a deficiency of amine caused the two émine peaks to move further
epart and to low magnetic field (&,H and I of Fig.9), whilst diluting a
solution of solid zinc iodide complex caused the fwo amine peaks to move

closer together and to high magnetic field (J and K of Fig.9).

2. The system EtZZn + TMED

The spectrum of an equimolar mixture of diethylzinc and TMED (Fig.10)
showed two amine peaks at 7.72 T and 7,83 T very close to the position
of the pesaks for uncomplexed amine, which suggests that diethylzinc may
be considered as maintly uncoordinated, i.e. equilibrium (c) lies mainly

to the left.

— ]
TMED + Bt,Zn T== Bt,Zn. THED eee  (e).
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3. The system‘EthI + TNED

Typical spectra of mixtures of ethylzinc iodide solutions (prepared
as on page 106) with varying amounts of TMED are shown in Figs. 11 and 12,
and the results are shown in Table 21. These spectra cannot be considered
as spectra of mixtures of diethylzine, zinc iodide and TMED, since in this

case, with a deficiency of amine, only two amine peasks, both sharp, in the

region 7.35‘and 7.49 7 would be expected due to zinc iodide complex, and
with an excess of emine over zinc iodide (i.e. at EtZnI : TMED ratios less
than 1 : 0.5) two broad peaks upfield due to‘the exchange as in equilibrium
(b) would be expected.

Considering first the spectrum of a mixture of ethylzinc iodide and
THMED in the molar ratio of 1/0.225 (line one of Table 21), two pairs of
amine resonances OCCUr. The pair at 7.39 and 7.52 ¢ are considered bo be
due to zinc iodide complex present and the pair at 7.51 and 7.62 2 are due
to ethylzinc iodide complex. From the relative areas of these pesks (the
figures in brackets under the U values in Table 21), it is scen that L%
of the amine is present as zinc iodide complex, Similarly in line two of
Table 21, the pair of peasks at 7.41 and 7.53 - are due to zinc iodide complex
and the pair at 7.52 and 7.64 7 are due to ethylzinc iocdide complex and
46.5% of the amine is present as zinc iodide complex. Again in line three
of Table 21, the pair of peeks at 7.33 and 7.50 T are due to zinc iodide
complex and the pair at 7.45 and 7.59 T are due to ethylzinc iodide comple x,

and 16.4% of the amine is present as zinc iodide comple x. In these three
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cases all the amine peaks are sharp and since the amine is present in a

deficiency, equilibrium (b) (TMED®™ + ZnI,.TMED wm=> ZnIQ.TI\mD’E + TMED)

2 <

and equilibrium (d)

THED® + EtZnI.TMED === EtZnI.TMED" + TED ... (d)

do not occur. However, the ethylzinc iodide is present in excess over the
amine and it.was found that the peaks due to the methylene groups of the
ethylzine group were broadened (Fig.ll). This is suggested as being due to
an exchange process in which the environment of the methylene group is
altering. Equilibrium (e) represents the only possibility :

EtZol.TED + BtfnI === EtZuI.TED + EtZnI ... (e)

and since the environment of the amine is unchanged its spectrum is not

affected. Assuming that Fig.l2 represents the case where the peaks due to

' methylene groups of complexed and uncomplexed ethylzinc iodide are just

merged and teking the difference in c.p.s. between the methylene group of an
uncomplexed ethylzinc iodide molecule and the methylene of & complexed

ethylzinc iodide molecule as 5 c.pe.s., substituting again in the fermula

V2
t = —— [104]
2m{ae)
a value of t, the half-life of a species before it exchanges, of 0.045 secs.
is obtained. It is realised that this formula only applies to cases where
the exchanging species are present in equal concentrations, but it is used

merely to give a guide to the rate of the exchange process.
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In cases where the EtZnI : TMED ratio becomes 1 & 1.0 (lines 4 and ’
five of Table 21) uncomplexed amine is present and equilibria (b) and (d) M
can operate leading to a broadening of amine peaks. Since there is no
longer an excess of ethylzinc iodide over amine, equilibrium (e) can no ﬁ
longer operate and the peaks due to the methylene groups of the ethylzinc
group are sharp.

To éonfirm that the assignment of all four amine peaks in lines
1l - 3 of Table Zi was correct, a speqtrum of & solution of solid ethylzinc
iodide complex was run and then again with successive additions of zinc
jodide. The spectra are shown in Fig.lh. The spectrum of 1.0M solution

of ethyizinc iodide complex showed four amine peaks at 7.40, 7.57, 7.60 and

767 7T » Addition of zinc iodide so that the molar ratio of ethylzinc
iodide complex to zinc iodide was 1 : 0.25 caused the two peaks at 7.40 and
752 = to increase in size, and a further addition so that the molar ratio
was 1 ¢ 0,5 caused a further incfease in size of theSe two peaks. Hence

in this case the peaks due to complexed zinc iodide were the two adjacent
low-field peaks at 7.40 and 7.52 . Yet in the assignment of the peaks in
Table 21, clearly alternate peaks should be paired since the ratios of their
areas must be 1 : 3. The middle twe peaks in Fig.l4 are very close (separa-~
tion 0.03 2 or 3 ¢/s), and since it was found that the position of the pesks
due to amine complexed to zinc iodide varied with concentration, it is
suggested that both interpretetions are correct. In Fig.l4 the pairs of

amine peaks due to the two complexed species are just separated and in the



cases quoted in Tabie 21, the two sets of amine peaks due to the two
different complexed species have Jjust overlapped. This being so it would
be expected that the peak due to the methyl protons of amine complexed to
zinc iodide would coincide with the peak due to the methylene protons of
amine complexed to ethylzinc iodide at a certain concentration., Figs. 154

and B show two such cases.

L The system EtZZn'+-ZnIZ + TUED

The spectrum of a mixture of diethylzinc, zinc iodide and TMED with
the components in 1,0M, 1.0M and 1.4M concentrations respectively in tetra-
hydrofuran was run after the mixtdré had been kept in solid carbon dioxide
since being made up; and again after being kept at room temperature for one
week. The two spedtra were identical and one of them is shown in Fig.l3.

The amine peaks occurred at 7.31, 7.44, 7.49 and 7.58 ¢ and their areas

were in the ratios 1.: 5.2 ¢ 3.2 ¢ 15,3, and so the peaks at 7.31 and 7.49 T
are due to amine comﬁlexed to zinc iodide and those at 7.4 and 7.58 T are

due to amine complexed to ethylzinc iodide. Considering the ratios of the
areas of the amine peeks 23.8% of the amine was present as zinc iodide complex,
‘The concentrations of the components correspond to EtZnI : TMED in the ratio

1 : 0.7 and referring again to Table 21 it is seen that in all respects

this sﬁectrum is intermediate to those recorded on lines two and three.

Since the concentrations of the components correspond to an EtZnI : TWED ratio

of 1 : 0.7 it would be expected that equilibrium (e)
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(B4ZnI.TMED + Etfnl == BtZaI.TIED + EtZnI)
would again operate. This was found to be the case and the spect;um of the
methylenc group of the ethylzinec group was broadened. Thus the mixture
reacted to give ethylziné iodide in between the time it was made up and the
fime its spectrum was first ruh, even though it was stored at -80°C during
this time, It may be that one week ét -80°C was sufficient time for the
syn-proportiénation reaction to proceed since in the case of the complex
isolation experiménts the reaction took some time between two hours and one
week at 25°C to occur, or it may be that the continuous presence of the amine
had some effect on the rate of syn—proportionation. It has already been
shown thét the reaction between diethylzine and phenylmercuric chloride is
probably faster in tetranydrofuran than in ether, and so the presenc: of
another coordinating reagent such as TMED might also be expected to accelerate
a reaction | |

RZZn + ZnX2 —=> 2RZInX,

even though the amount of TMED coordinated to the dialkylzinc at any time

mey be quite lowe.

5. The system ZnBr2 + TMED

This sytem was not investigated as fully as the zinc iodide plus

TMED system, but a solution of zinc bromide with a deficiency of TMED showed
two amine peaks at slightly higher v values than in the zinc iodide case.
Dilution of a solution of zinc bromide and a deficiency of TMED and dilution

of a solution of zinc bromide complex had exactly the same effects as in the
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zinc iodide cases. (These spectra are shown in Fig.9, spectra A, B and C
showing the effect of successive dilution of a solution of zinc bromide with
a deficiency of amine and spectra D, E and F showing the effect of successive

dilution upon a solution of zinec bromide complex.)

6. The system EtZZn + ZnBr2 + TMED

The spectrum of a mixture of diethylzinc, zinc bromide and TMED in

1.0M, 1.0M and 0.5M concentrations in tetrahydrofuran respectively was run
after the mixture had been stored under solid carbon dioxide since being
made up, and again after the mixture had stood for one week at rcom tempera-
ture. The spectra were identical} one of them is shown in Fig.l6. The
spectrum which showed three pesks due to amine at 7.56, 7.66 and 7.72 7~ would
appéar to be a case in which two amine peaks have coincided since the ratios
of the areas of the peaks is 1 : L.6 : 2.9. The spectrum obtained is not
that which would be expected for a mixture of diethylzinc and zinc bromide
complexes alone. The concentrations of the components correspond to a molar
ratio of EtZnBr : TMED of 1 : 0.25 and by asnalogy to the ethylzinc iodide
case the amine peaks would be expected to be sharp, but the spectrum of the
methylene group of the ethylzinc group would be expected to be broadened.
The spectrum of this latter group is only very slightly broadened but then
if an‘ eichange such as |

EtPnBr + DtZnBr.TVED === EtZnBr.TMED + EtZnBr ... (f)

did occur, it would be unlikely to occur at the same rate as the corresponding




ethylzinc icdide case. The effect of adding an excess of zinc bromide to
this sample is shown in the upper spectrum in the same Fig. (Fig.l6). The
spectrun of the ethylzinc methylene group is slightly sharper and the amine
pesks are now two in number, from which it is concluded that the original
speotfum was thaet of a mixture containing some ethylzine bromide complex.
The added zinc bromide stripped the amine from the weak ethylzinc bromide
corplex and so destroyed equilibrium (f), forming more zinc bromide complex
with the amine from it, Thus ethylzinc bromide complex exists and the
- failure to isolate i% in the preparative work may be explained by its labile
nature, |
Zine bromidé was not sufficiently soluble in ether to allow N.M.R,

studies of the same zinc bromide systems in ether.

From the chemical studies it was ccncluded that ethylzinc iodide
exists in ether and tetrahydrofuran and that ethylzinc bromide exists in
ether, but that "ethylzinc bromide" in tetrahydrofuran and "ethylzinc
chloride" in both ether and tetrahydrofuran exist as diethylzinc plus zinc
halide. The N.M.R. studies have shown that in tetrahydrofuran the complex
EtZnI.TMED exists. However, it appears to be in an equilibrium with zinc
iodide complex (and also diethylzinc) : |

2TtZnT,THMED === ZnIZ.TMED + EtZZn + TMED

since both EtZnI.TMED and ZnI..THED were observed in tetrahydrofuran solution.

2
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This observation is not in direct conflict with the observations from

chemical studies, but suggests that the presence of TMED modifies the

equilibrium and tends to shift it to the side of the strongest complex
(ZnIZ.TMED) .

| Thus @

Bt gn + nl, s 2EtZnl

2
THF.
Et Zn + Znl, === 2BtZnI

2 2 TMED

The ethylzinc bromide system éppears to be more complicated in that
“the chemical studies yielded only zipc bromide complex from a tetrahydrofuran
solution of diethylzinc and zinc bfomide, and yet the N.M.R. studies showed
the presence of & zinc bromide complex and an ethylzinc bromide complex in
a tetrahydrofuran solution of diethylzinc and zinc bromide plus TMED. This
result from the chemical studies may be due, not to the absence of ethylzinc
bromide in tetrahydrofuran, but due to a disturbance of the equilibrium by
TMED, or even by the preferential precipitation of the least scluble of all
the pessible complexes (ZnBr2,TMED). From both the chemical and the N.M.R.
studies it is concluded that ethylzinc bromide does exist in tetrahydrofuran
solution as the TMED complex, and that in the absence of the amine it is
&lso possible that ethylzinc bromide exists.

Tﬁe observations of Dessy [ 95| may be exélained by similar reasoning.
In both ether and tetrahydrofuran the equilibrium

Etzzn + Zn012 ;:ﬁi 2LtZnCl
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may lie either to the left or right; but Dessy only isolated a zinc chloride-
dipyridyl complex. This may be duec either to the fact that the eQJilibrium
lies naturally to the left, or that the equilibrium lies naturally to the
right, and the addition of the 2,2'-dipyridyl shifted it to the left.

Finally, from both chemical and N.M.R. studies the following con-

clusions on the nature of the ethylzinc halides may be drawn :
(1) "ethylzine iodide" in tetrahydrofuran definitely exists as EtinT,
(i1) "ethylzine iodide" in ether definitely exists as EtZnI.

- (iii) Yethylzinc biomide" in tetrahydrofuran probably takes part in a

lebile equilibrium : Bt,2n + ZnBr, === 2BtZnbr.

(iv) = "ethyizinc bromide" in ether probably exists as EtZnBr.

(v) "othylzine chloride" in beth ether and tetrahydrofuran either exists
as a mixture of diethylzinc and zinc chloride or takes part in a

. st . o N
laebile equilibrium : Etzgn + Zn012 === Z2EtZnCl.

From the N.M.R. spectra the TMED eomplexes prepared may be deduced
tc be chelate compounds., Chemical analysis showed them to be 1 : 1 complexes,
and retention of the characteristic TMED N.M.R. spectrum in the complexed
amine showed that the amine part of the molecule was symmetrical, Attach~-
ment of the amine to zinc by only one nitrogen atom would have removed the
equibalence of the methyl and methylene groups attached to each nitrogen
and produced further splitting of the amine spectrum.

Considering the alkylmetel halides of Group II in genecral it is known




that alkylmercury halides (¥ = C1, Br, I) exist, and are identifisble
crystalline solids. Furthermore, the equilibrium in solution lies far on
the side of the RHgX compounds :

RHg + HeX, == 2RHgX
Very recently, in spite of previous reports to the contrary, it has become
clear that Grignard reagents in dilute solution in ether and in tetrahydro-
furan may exist in some cases as moncmeric RMgX (e.g. R = Et, X = Br)e In
the present work, in at least one case, an alkylzinc halide (EtZnI) has been
identified in ether and tetrahydrofuran. Thus for magnesium, zinc.and

mercury the existence of the species RMX is knowne




SECTION V
CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK
1. Kinetic studies

The following reactions have been studied :

(a) EtZZn + PhHgC1l1 ~—~§ﬁEtHgPh + BEtZnCl in ether and tetrahydrofuran
at °C. | |

(b) Et Zn + EtHgCl —> Et,Hg + EtZnCl in ether and tetrahydrofuran
at °C.

(¢) EtZnI + Hg12 ~——3 BtHgl +-zn12 in tetrahvdrofuran at 25°C,

(a) EthI + EtHgl —— Bt Hg + ZnI, in tetrahydrofuran at 25°C,

and all were found too ast to follow.

The reaction EtZnIl + PhiHgl —> EtHgPh + ZnI, goes very rapidly

2
at first and then tails off rapidly in tetrahydrofuran at 0°C. None of ‘ |

these reactions is worth any further investigation since the problems of

dealing with oxygen and moisture sensitive materials and using repid reaction
kinetic methods are difficult to combine, No information concerning the

mechanisms of these reactions could be deduced.

2 Comparative studies

The order of reactivity of dimethylzinc, diethylzinc and di-n-
propylzinc with phenylmercuric chloride in refluxing ether was fourd to be

Me < Et <‘n-Pr
(1) (4e5) (16.6)



and it is suggested that these reactions proceed by an SEi mechanism. The
same dialkylzincs were found to react at the same rate with phenylmercuric
chloride in tetrahydrofuran at 25°C and diethylzine and di-n-propylzinc were
found to react at the same rate in refluxing tetrahydrofuran. It is
suggested that all these reactions are very fast.

The applicability of the method used is limited and the results
produced from it are also of limited usefulness. In general, the field of
alkyl excheange reéctions between zinc and mercury compounds appears to

be populéted with numbers of very fast reactions and unless this extreme
vreactivity can be curbed in some way mechanistic studies in this field may

not be worthwhile,

3. The nature of alkylzinc halides

It has been shown that ethylzinc iodide exists in ethereal and tetra-
hydrofuran solution as the monomeric specics EtiZnI,

The new compounds ZnIz.TMED, EtZnI,TMED and EtZnBr.TMZD have been pre-
pared. The existence of ethylzinc bromide in ethereal solution as EtZnBr is
suggested. The method of identifying the various TMED complexes in tetra-
hydrofuran by N.M.R. spectroscopy was quite successful, but as addition of
TMED may alter equilibria present in solution extrapolation to deduce the
species present in solution is not justified unléss check experiments are
carried out. The method might conveniently be extended to study the

higher e«lkylzinc hslides about which very little is knowm, and may even be
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of use in determining the nature of the alkylcadmium halides, together
with molecular weight determinations. The N.M.R., studies revealed a
number of interesting phenomena, all of which might be worth further
study. The exchanges involving zinc halides and TMED would present

1ittle difficulty, particularly in the handling of the reagents.
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SECTION I

GENERAL TECHNIQUES

1. Introduction

.‘The melting points and boiling points recorded are uncorrected.
With regerd to the purity of the dialkylzincs prepared the term "moles of
active alkane" refers to the number of g.moles of alkane produced by the
hydrolysis of a sample of dialkylzinc, divided by the number of g.moles of
dilalkylzinc hydrolysed. The diethyi ether used was distilled, dried over
calcium chloride, redistilled and stored over sodium wire., The tetra-
hydrofuran used was distilled and stored over sodium. Immediately prior
to use it was distilled from lithium aluminium hydride under nitrogen.
. The nitrogen used in this and other operations was British Oxygen "wnite-
spot™ nitrogen, and was purified by’passing it through a gas-train consisting
of chromous chloridé and concentrated sulpharic acid bubblers and phosphorous
pentoxids drying towers. The carbon dioxids used was purified by passing
it thirough & similar gas-train. All the dialkylzincs used were stored

under solid carbon dioxide to minimise their thermal decomposition.

2+ The handling of dialkylzincs

Reactions with dielkylzines were carried out by either crushing
© gnepping o capsule contaeining dialkylzinc in the presence of the appro-
priate reagent. Crushing capsules were blown from soda glass tubing of

2.5 mm, diameter. The length of the neck of each capsule was approximately



4 cm., and the diameter of the bulb 1 cm. They each held approximately
0.1 g. of dialkylzinc and were used in determining the purity of the dialkyl=-
zincs. The sneapping capsules were made from 7 mm. o.diameter soda glass
tubing and were approximately 7 cm., long, and held up to 1 g. of dialkylzinc,
Both types of cepsule were oven dried and then flushed with nitrogen. To
make the snapping capsules the glass tubing was sealed at one end and
pulled out infe a neck about two thirds of the way along its length, Both
types of capsule were filled with dialkylzinc in & nitrogen box using a
syringe. The crushing capsules were then sealed at the open end and»the
snapping capsules sealed at the neck. Both types of capsule were weighed
bafore and after filling so that the weight of the contents were known,
Mixtures of dielkylzincs were made by syringing the eppropriate guantities
of the two dialkylzines into a flask in a nitrogen box, - After thorough
mixing the mixture was syringed into the capsules in the normal way.

When using ethylzinc ibdide solutions in kinetic‘experiments it
was necessary to use a larger version of the snapping-type capsule capable
of holding 10 ml. of solution. All‘three types of capsule are shown in‘
Fig. 1. 'These larger capsules were not filled in a nitrogen box, but

by using a multiple pig technique; the apparatus is shown in Fig., 2.

3. Lnalytical technigues

(a) The determination of zinc.
The zinc content of dialkylzines and zinc complexes prepared was

determined by titration with E.D.T.A. at pH 10. A stock solution of 0,0lN
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Pigure 1.
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E.D.T.A. Wus prepared by dissolving disodium ethylenediaminetetra-acetic
acild in distilled water, and was standardiséd each time before use against
a stendard megnesium solution made by dissolviné pure megnesium raspings

in dilute hydrochloric acid. 4 1% solution of eriochrome black T in
triethanclamine was used as the indicator throughout. The dialkylzinec

to be determined was dissolved in 0.1N sulphuiic acid by crushing a cepsule
of 1t under the acid, The resulting solution was neutralised to methyl
red with ammonium hydroxide, buffered and then titrated. Complexss to

be analysed for zine were dissolved in 0,1N sulphuric acid and the solution

treated in the same way as above,

(b) The determination of halide.

Chloride =nd iodide in kinetic samples and bromide and iodide in
ccmplexes wore determined by Volhard's method. The solution to be analysed
wes acidified with dilute nitric acid and excess silver nitrate solution
was.added. In the case of chleride determin#tions a few ml, of nitro-
benzene were also added. The excess silver nitrate solution wos back-
titrated with standaéd potassium thiocyanate solution using a saturated

solution of ferric alum as indicator.

(¢) The determination of active alkene in dialkylzincs.
The apparatus used is depicted in Fig. 3. The sample
(1-2 « 10-3 woles), in a crushing capsule was placed in the crusier, C.1N

sulphuric acid (100 ml.) was poured into the flask, and the gas inlet tube
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connected to the nitrogen supply to flush out the flask and the gas burette.
After % hour the gas inlet was c¢losed and the gas burette connected to the
reaction flask alone. The pressure in the apparatus was set at about
10 cm. of mercury below atmospheric pressuré so that when hydvolysis occurred
the sudden surge of pressure did not damage the apparatus. The 'apparatus
was then left for another & hour to equilibrate before crushing the capsule
by.a smart taé on top of the crushing rod, and aliowing hydrolysis te teke
place. The aqueous solution produced wes analysed for zinc to determine
the amount of dialkylzinc which had been hydrolysed, and meosurement of the
volume of alkane produced, corrected to S.T.P,, allowed the moles of active
alkene to be calculated,

In the case of hydrolysis of mixtures of dialkylzines, samples of the
alkane produced were withdrawn through a rubber serdm cap with a syringe, to

be analysed by vapour phase chrometography.

L. Vapour Phase Chromatogrephy

(a) Chrometography of gaseous mixtures. -

The apparatus used was & Shanden chromatogroph with a thermocouple
detector unit,. The column used was a four foot long copper tube,'of 4 mm.
interncl diameter, packed with alumina (100-125 mush) with 2% squalane
added. The geseous mixtures to be analysed were binary ond were methane/
vthane end ethane/propane. In the case of the first mixturc it wes
necessary to immerse one foot of the column's length in an acetone—solid

cerbon dioxide mixture to effect a separation of methanc and any air present.
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These mixtures could be determined quantitatively since the response of
the instrument was propcrtional to the mass of the component causing the
responge and its heat of combustion. Thus :

moles of alkane A _ Peak area of A X Heat of combustion of B(Xcal/mole)
moles of alkane B ~ ©Peak area of B Heat of combustion of A(Kcal/mole)

for a mixture of alkanes A and B.
The areas of the peaks were determined by carefully cutting them out and
weighing them. The mean of at least six determinations was taken for each

binary alkane mixture. The reprodueibility of results wos within L%,

(v) Chromatography of liquid mixtures.

The apparatus used was a E&e argon chromatograph with an ionisation
detector. The column was a glass one, five feet long, internal diameter
0.4 cm, packed with celite with 2% sdded tritolyl phospheate.

This apparatus was used for identifying the components in ethereal
and tetrahydrofuran solutions of reaction products. This was done by
compering the chromatograms of the samples with the chromatograms of the

pure possible products run under the same conditions,

5. Nuclear mognetic resonance studies

These studies will be dealt with in & later separate section.
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" SECTION IT

PREPARATION OF REAGENTS

1. The preparetion of dielkylzincs by Neller's method [ 86]

(a) The general method
| An active zinc-copper couple was prepared‘by heating a finely ground

mixture of zihc dust and cupriq‘oxide (13/1 vy weight) to just below red
heat, under a vigorous stream of hydrogen, in & three-necked flask, After
ccoling, the coﬁple was broken up into small lumps using a glass rod, whilst
protected by & vigorous stream of nitrogen. The flask was thon fitted
with a tep funnel, a mercury-seal stirrer and & double surface reflux
condenser. The nitrogen supply was connected through‘two T pieces to a
bubbler and the T pieces connected to the fﬁps of the tap funnel and the
condenser, |

An equimoleculear mixtﬁre of the alkyl iodide and bromide were added,
slowly, with stirring. It was found easiest to initiate the reaction by
adding some of the alkyl iodide first, and warming gently. When the
reaction started it was controlled by alternately adding the alkyl halide
‘mixture and the application of on ice bath. After the addition the
stirrer was removed and the flask left overnighﬁ.

The next morning the tap funnel and condenser were replaced by stoppers
end tine centre neck of the flasik connected viz glass tubing to a two-necked

flask which was comnected to a trap and & vacuum line. Ay unreacted akyl halide
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and any dialkylzine slready present were removed by pumping, with the trap

immersed in & "Drikold"-ascetone mixture. The reaction vessel was heated

slowly in an o0il bath. TWhen the temperature of this had risen to 90°C

a "Drikold"-acetone mixture was put around‘fhe two-necked redeiving flask
to collect the dialkylzinc which was beginning to distil over. The

temperature of the o0il bath was raised to 180°C over a poriod of 1% hours,

The dialkylzinc collected was purified by fractional distillation.

(b) The preparstion of diethylzinc

A mixture of ethyl iodide (78 g., 0.5 moles) and ethyl bromide
(5445 go, 0.5 moles) was added to a zinc-copper souple (Zn 130 g., Cu0 10 g.)
over 1% hours, in a 500 ml. three-necked flask. The reaction had initiated
10 minutes after the addition of some of the ethyl iodide (20 g.) a.one,
and gentle warming. Next day, distillation of the reaction mixture yielded
diethylzine (55.8 g., 90.9% yield) over the range 90°C/0.25 mm. - 180°C/0.2mm,
The receiving flask contained glass wool, which aided regular boiling of
the crude yield when it was fractionally distilled to give pure diethylzinc
(38.5 g.), bops 50-52°C/7 mm. (1it.Et,Zn 117.7°C/760 mm., 16°C/9.5 mm)
[100€J105] in €1% yield. (Found: %n 52.78%; Chﬁlozn requires 52.94%.

Moles of active elkane, 1.98).

(¢) The preparetion of di-n—propylzinc

A mixture of n=-propyl iodide (85.0 g., 0.5 moles) and n-propyl
bromide (66.5 g., 0.5 moles) was added to o zinc-copper couple (Zn 130 g.,

Cu0 10 g.) over 2 hours. Distillation of the reaction mixture gave
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di-n~-propylzine (60 g., 80% yield) over the range 140°C/0.5 mm. - 170°C/0.5 mm., i
The product was fractionally distilled to give di-n-propylzinc (51 g., b.pe ,

50°C/15 mm.)(1it. 48°C/10 mm. 39-40°C/9 mm.) [861 in 68% yield. (Found:

Zn 42.13%; Céﬂihzn requires 43.15%. WNoles of active alkane, 1.95).

(&) The preparation of di-i-propylzinc

This was made by Nbllér's general method, with modifications due to
Sorcos and Morgana [1061. The mixture of i-propyl iodide (85.0 g., 0.5 moles)
and i-propyi bromide (66.5 8., 0.5 moles) was added to the zirc~copper
couple (Zn 130 g., Cu0 10 g.) over 5 hours, aftor the reaction had been
initiated. The reaction mixture was meintained at LO0°C, and stirred, for
% hour after the addition of the alkyl halides. When the reaction mixture
wes distilled, the next day, a mercury diffusion pump was used so tkat tne
di-i~propylzinc produced would distil at the lcwest possible temperature,
The product was obtained over the temperature renge 95 ~ 180°C, in a 67%

yield (43.7 g.). ~The fractional distillation of the crude product was

attempted at 22 mm., but before it would boil a thick deposit of zinc

was observed in the distilland. The distillation was stopped. A pure
prnduct (27 g.) was finally obtained b.p. 4Y.0°C/12 mm. in 35.6% yield, but
the residus contoined o large deposit of zinc (1lit. b.p. Ao.3°c/13 mm, )[106]

(Found: Zn 42.84%, C6Hih2n requires 43.,15%. loles of active alkane, 1.97).
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2. The preparation of ethylzinc iodide solutions

These solutions were made in small batches so that they could be
used up as Soon as possible. The’general method of preparation was the
same as the firét stege of the preparation of diethylzine by Noller's
method. Ethyl iodide (15.5 g., 0.1 moles) was added in one portion to
a zinc-copper couple (Zn 13 g., Cu0 1 g.) in a 100 ml. two-necked flask
and stirred mégnetically from undernéath. v The reaction was initiated
after + hour by gentle warming end then controlled by the occasional
epplication of an ice bath, The next day the rcaction flask was connected
to a trep immersed in a "Drikold"-acetone mixture and pumped down to 0.2 1.
te remove unreacted ethyl iodide and any diethylzinec formed, Under a
nitrogen guard either Ciethyl ether (40 ml.) or tetrahydrofuran (4C ml.)
was added to the reaction mixture, which was then stirréd mognetically
again until the solid reaction mixture had been broken up, and 2ll but the
excass couple had dissolved. During this solvation, heat was evolved.

The mixture was left to settle for 2 days and then the supernatent liquid
filtered off through a glass sinter, under nitrogen, into the capsuling

opparatus (Fig. 2).

3. The preparation of mercuric compounds

The mercuric iocdide used was B.D.H. Labofatory Reagent grade material
that had been recrystallised twice from methanol. The ethylmercuric

chloricd: and phenylmercuric chloride used were also B.D.H. Leboratory
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Reagent grade meterials and were recrystallised from benzene. Ethylmercuric
iodide and phenylmercuric iodide were both made from the corresponding
chlorides by a simple double decomposition reaction with sodium iodide

in acetone. Both were recrystallised frbm benzene, after preparation.

As en example the preparation of phenylmercuric iodide on a 1/40 moler

scale is described.,

Phenylmercuric chloride (7.82 g.) was dissolved in acetone (600 ml.)
with heating. The cold solution Wéﬁ added to a solution of sodium iodids
(7.48 g., a two moler ratio) in acetone (50 ml.). The mixture was boiled
for tén minutes and then allowed to cool. The vwrecipitate of sodium
chloridc was filtered off at the pump and the filtrate evaporated to dryness.
The solid residue was boiled with distilled water (500 ml.) for ten minutes
and the slurry filtered. Sodium chloride and sodium iodide were carried
’away in the filtrate. The residue of phenylﬁercurio icdide was dried
at the pump and then recrystallised from benszene. Yield 9.83 g., 97.1%

of the theoretical yield.
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STCTION IT1

KINETIC STUDIES

1. The identification of the reaction between diethyl zinc and pheaylmercuric
chlggjde

(a) In tetrahvgpofufan

Phenyliercuric chloride (1.6 - 1.9 m.moles) was placed in the
reaction vessel (Fig. L)  and tetrshydrofuran (25 ml.) was added. The
apparatus was flushed with carbon di&xide until only carbon dicxide was
 issuing into the gas.collection tube, (As indicated by the appearance
of small bubbles which dissclved in the 50% potassium hydroxide immediately,
only). A snapping-type capsule of diethylzine was then placed in the ball
and socket side arm. The tetrahydrofuran wes refluxed by a refluxing
methylafed spirit vapcur Jjacket around the reaction vessel, VWhen all the
phenylmercuric chloride had dissolved and the tetrahydrofuran was refluxing
at a steady rate the ball and socket side arm was flexed and the capsule
of diethylzinc broken, allowing it and its contents o fall into the reaction
vessel. The mixture was allowed to react for ten minutes and then hydro-
lysed by the careful addition of 2 ml. of either dilute mineral acid or
water. After fifteen minutes when the evolution of gas had ceased and only
carbon dioxide wasvissuing from the apparatus, the reaction residue was
iodinated by the addition of ewcess solid icdine. The mixture was then

extracted with ether (10 ml.) and the cxtract analysed by vapour phase
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chromatography. The volume of hydrocarbon that had been produced in the
hydrolysis was measured and corrected to S.T.P. The results of these

experiments are shown in Table 1l.

TABLE 11
%Run No. ' Moles of % Moles of | Vol, of gas : Vol. of gas
] ; ; ! ! S0k
Bt,2n x 10% | PhHgCL x 10° é produced ;expecued (c.fop. )
1 3301 L 1.602 106w, | 109 ol
15 |  3.808 i 1.877 {129 mi. | 128 ml.
P16 3.295 ; 1.950 104 ml. 103 ml.
17 3,368 ' 1.760 112 ol 111 ml.
f !
Run No. ;| ' Contents of ethereal extract Hydrolysed by
15 i Et,0, THF, EtI, CH, | dil, HCL
15 : Et,0, THF, EtI, C.Hg gall. stoz.,
17 5 Bt,0, THF, BtI, CgH I i 0

(b) In ether

These experiments were performed in the same way es in tetrahydro-
furan except that it was necessary to use 200 ml. cf ether, in & larger
reaction vessel, which was placed in a water-bath at 40°C. It was also
nesessary to stir the contents of the reaction vessél magneticalliy from

underneath to aid the dissolving of the phenyluwercuric chicride.  The

¥




~111-

ethereal residue was too dilute to be examined immediately by V.P.C., but
af'ter concentration it gave negative results; the small amount of orgenic
iodides present must have been lost in the concentration process. The

results of these experiments are shown in Table 12,

Run No. % Noles of | Moles of % Vol. of gas Vol of gas
i | EtZn x 10° | PhHeCl x 10° |  produweed expected
i (cefe p. )
18 % ). 609 1.011 ‘ 175 ml. 183 ml.
19 § 5.495 0.8613 220 ml. 206 ml,
¢ i
P20 g 2.88y | 1.125 99 ml. 104 ml.
; i : H $

2. An attempted study of the kinetics of the reactions between diethylzinc

and phenylmercuric chloride and between diethylzine and ethylmercuric

chleride

Separate solutions of the reactants were ﬁipetted into the two
arms of a nitrogen filled reaction vessel, which was immersed in an ice-
water bath, After alloﬁing 30 minutes for the solutions to attain the
temperature of their surroundings the reaction vessel was tilted, allowing
the two solutions to mix. Zero reaction time was taken as this moment.

The recction mixture was siirred magneticelly from underneath. In these
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experiments one point only was taken to determine the time-scale of the
reaction. The samples were taken by pipette whilst the reaction mixture
was protected by a stream of nitrogen. The sample was pipetted into an
ice-cold solution of potassium hydrogen phthalate in water to quench it,
This solution was then carefully éxtracted with benzene (2 x 15 ml.)

to remove organomercury compounds, and the aqueous layer titrated for
chloride by Vélhard's method., The results, in terms of percentage
reaction, which had occurred when eagh point was taken, are shown in

Table 13.
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TABE 13

Reaction of EtZZn with PhHgCl and EtHgCl at 0°C

‘Run To. [ Bt,2n] { [ PhHgC1] Solvent Reaction | % Reaction

| n/1. n/1. : % Time (éecs.)é
: : ;
! .05478 01756 | THF g 1800 [ 98
b2 .11980 L1769 Lo § 3 3 90
L3 .05405 02205 | v ; 66 | 93
ok -02071 01979 56 | u
5 .02288 .02098 " : 62 b8
6 .02107 .00300 " ! 78 |65
7 .02107 00254 , " | 6 | 58
: .02107 L0025, . " | e | 56
12 .00718 00071 | Bt | 180 95
13 .00588 00064 | M § 60 89
"' [EtHCl] | |
m/1, § g
9 .02107 00288 | T 60 | 55
10 .02107 .00288 | " | 60 (o4l
11 .02107 00283 | " | 120 | 63
_ | x ‘ :
1 .00643 00118 | Bt 0 | 30 5l
| 15 .00643 00117 ;" | 30 49
4 {
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3. An attempted study of the kinetics of the reaction between ethylzinc iodide

and phenylmercuric iodide in tetrahydrofuran at 0°C,

The solutions of the reactants were put into two arms of a reaction
vessel and could be mixzed by tilting the vessel., The concentration of the
ethylzine iodidé solution was determined by both acid/blkali and iodide titra-
tions. The reaction was followéd by determining the iodide liverated from
the phenylmercuric iodide by Volhard's method as described in the previous
section. For convenience the results are again shown in the form of perdent—
ege reaction which had occurred when each point was teken and are shown in

Table 1k.

TABLE 1

The reaction of EtZnI + PhHgI in THF at 0°C

R

8 | 5.1 > 1.5 |5 (a1 2w
16 7.2 8 | 256 110 a7 o 26,2
50 0 11.5 16 3.0 115 | w8 20 | w3
2o 0185 130 s {20 | osse2 ! 40 56
; {79 bouse oo § 48,8 | 60 5l.5
! !305 WO | ’ 155 65.9 |
* ? i ?

Run No,
N ¢

2 § 3 ; L f 5 i

el

[ BtZnIl= .01836m/1:i [ EtZnIl= .01784m/1. | EtZnI]= .01382m/1, [ EtZnIl= ,01675m/1]

W

[ PhHgI)= .oo491m/1§ [ PhHgIl= .oo585m/1.f[PhHgI}= .oou57m/1.§[PhHgI}= .00153m/1,

T mins, % reaction! T mins. % reaction iT mins.:% reaction ;T mins.!% reaction
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The results would fit neither seccnd order kinetics nor first order kinetics

with respect to either reactant.

L, An attempted study of the reaction of ethylzinc icdide with mercuric

iodide in tetrahydrofuran at 25°C,

In anticipation of this reaction being very fast a flow apparatus
was constructed for following its kinetics. The apparatus is shown in Fig. 5.
The capillar& spiral was of glass tubing of internal diameter 0.0858 cm., = The
length of the spirel between the T-pieces C and T was 282 cm, for runs 1 - 3,
and 81 em, for the following runs. The mercuric iodide solution was put
in storage vessel A4, and-tetrahydrofuran was put in vessel B, (The entire
apparatus having been flushed with nitrogen). The volume of both vessels
was approximately 300 ml, A large snapping-type capsule containing approxi-
mately 10 ml. of a 30% solution of ethylzinc iodide in tetrahydrcfuran was
placed in the ball and socket side arm of vessel B. By flexing the ball
and socket Jjoint the end of the capsule was brcken off and the contents
poured into vessel B, which was stirred megnetically from underneath for
five minutes before the whole apparatus was lowered into a water bath at 25°C.
The concentration of the ethyliinc iodide solution was then determined by
withérawing a sample with a pipette and pipetting it into excess dilute
sulphuric acid, which was then back-titrated wifh sodium hydroxide, using
bromioresol purple as indicator. By applying a few cm, of mercury pressure
to both storage vessels the reactant selutions were forced up to the T-piece C

where they mixed. As the solution passed zlong the spiral, reaction
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Flow apparatus |
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proceeded, At T-piece © the reaction was stopped when the reaction mixture
met & flow of dilute sulphuric acid (in 50% water/ethanol). The effluent
was collected at either of the exits F and G. By varying the applied
nitrogen pressure the flow rate and hence the time of reaction could be
varied. The flow reate of the quenching solution was measured by means Qf
a bubble flow-meter attached to the top of its reserveir, For each kinetic
point two samples of effluent were collected for the same time. One

sample was titrated for zine by EoDoT.A. (using excess potassium iodide fo
‘mask the mercury), so fhat the flow rate and hence the reaction time could
be determined, The sulphuric acid in the other samplc was titrated with
sodiun hydroxide to determine the amount of reaction that had proceeded.

The relative volumes of solution delivsred by each storage vessel uvnder

the same nitrogen pressure were determined in a check experiment. It

was found that vessel B delivered 1.095 ml, whilst vessel 4 delivered

1.000 ml. cver the whole range of pressurcs used. This was corrected for
in the calcuiations. Reaction times of 1,04 secs, could be obtained

by epplying a pressure of 30 cm. of mercury. The results which are

shown in Table 15 are again given’in the form of percentage reaction

that had occurred when each point was taken.
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TABLE 15
EtZnT + Hgl, in THF et 25°C.
Run N o,
L 5 6
[EtZnI} = .05338 m/l. | [EtZnI] = .0.820 w/l, | [EtZnI] = ,01667 n/1.
| [HgI,l = .02842 m/1l. 1 [HeI,] = .0588L m/1. HgI,] = .01849 n/1.
T secs.§ % reaction T secs. E % reaction T secs. | % reaction
7.25 | 100 1,09 % 8.1 i L.0. |  80.k4
. ;
1.28 | 88,43 l.29 | 821
;: i
1.56 1 89.28 i 1.90 | €31
| 1.9 | 89.56 | 2,59 ©  83.8
! i '
Po2.62 | 90.07 3.02 85.3

In addition one run was performed using an equimolar mixture

of mercuric iodide and potassium iodide instead of mercuric iodide.

With the ethylzine iodide concentration at 0.05811 moles per litre and

the KHgI3

concentration of 0.02864 moles per litre, the reaction had

gone to 100% by the time the first point was teken at 1,81 secs.
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5. &n ottempted study of the kineties of the reaction between ethylzine

iodide and ethylmercuric iodide in tetrehydrofuran at 25°C.

Using the same apparatus and the same techniques as in the previous
ssction the kinetics of the reaction between ethylzinc iodide and ethyl-
mercuric iodide were studied, The whole operation was performed in &

fume-cupboard. The results are shown in Table 16.

TABLE 16

The reaction between EtZnl and FtHgl in THF at 25°C.

Run N o,

é [ EtZaI] = .05885 m/l. 3 [BtZnI] = .03440 u/l.
$ [ EtHgI] = .03797 n/1. : f BtHgI] = .02746 m/1,
g T secs. i % reaction ! T secs. , % reaction ®
1.15 87 1.21 57.2
! ' , {
1.69 . 79.8 1.41 L5
1.95 b o685 2,04 19.0
2.99 L7 | L2651 17.h
| ;
7.18 22,5 SR B T ;

* The percentage reaction was calculated on the assumption that the
quenching acid was used up by C - Zn bonds only.
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SECTION IV

COMPETITIVE STUDIES

The relative rates of renction of dialkylzincs with phenylmercuric
chloride were detsrmined by the some technique as used in identifying the
reaction between diethylzinc ond phenylmercuric chloride (poge 108 ) and

using the same opperstus (Fig.l).

1, With o mixture of dimethylzine ond diethylzine

The mixture of dimethylzine énd diethylzine conteined approeximately
equimolar quantities of the two dialkyls in the form of o 30% solution in
cyclohexnne, é.nd had been prepa;t;ed previously [ 997. The purity end per=-
centage compositicn of “he mixture was determined at intervals durirg the
course of the experiments by hydrolysing samples of it as described on page 99.
The results of these periocdic determinations were used to corrsct the values
for the percentage cemposition of the capsules of the mixture used in the
competitive studies. The relative rate of reaction of dimethylzine and
diethylzince with phenylmercuric chloride was determined in refluxing ether
end in tetrahydrofuren et 25°C. In the latter case, after hydrelysis of the
reaction mixture,it was brought to the boil for fifteen minutes end then
allowed to cool, under a flow of carbon dioxide, to ensure that ell the
hydrocarbon produced was driven off and colleéted. The results of these

experiments ore shown in Table 17.
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TABLE

BLE 17

2

Zn with PhHgCl, in 25 ml, of THF

ot 25°C being ellowed te react for fifteen minutes

fRuné'Moles of

: Moles of

§Moles of? Vol. of 3 "Vol. ofj MeH MeH

;No.i lie ,2n Bt Zn z PhHgC1 ; gas § gas | o g i ﬂif -
2 X 103 x J.O5 Tox 103 ? produced expected? orig'lg found kMe
. ; § (s1.) | (ul.) | |
5 ; ‘ : i
35! 2.613 2801 | 1.146 | W6 | 218  {1/1,087 1/1.008{ 1
37! 2.099 2,283 2 1.500 | 128 162 " 11/1.018) 1
38 2.196 2.388 | 1.343 142 175 % L él/1.01o 1
391 2,352 2.559 i 1,854 | 141 178 | v ‘1/1.0341 1
sl 2,004 2.178 . 1663 | 119 o o 11/1.027f 1
Reaction of Mezzn +* EtZZn %ith PhilgCl, in 200 $1. of réfluxing |
ether, being ollowed to renct for fifteen minutes. ;
L6 2,386 g 2.595 1.054 - 219 199 '1/1.08731/b.933i 5.8
Cu7) 1,570 1 1,707 - 0.8k8) 129 | 127 M 1/0,913] 49
48] 1.507 | 1.638 | 0.99230 130 | 128 | " 1/0.940{ 2.7
sol 1.330 | 1.am6 | ouso29] w7 ¢ 110 " j1/0.928{ 5.9
510 1.688 | 1.79% i 0.83002 140 % 157 o {1/0.946 3.1 |
i ; { L { i
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2. With s mixture of diethylzinc and di-n-propylzinc

The mixture used contained only neat diethylzinc and di=-n~propylzinc.
Its purity was periodically checked as previously mentiocned. The re-
lative rate of reaction of diethylzinc and di-n-propylzinc with phenyl-
meicuric chloride was determined in refluxing ether, refluxing
tetrahydrofuran and tetrahydrofuran at 25°C. The results are shown in

Tabls 18.

3, With a mixture of diethvlzinc and di-i-propylzine

The mixture used contained only neat diethylzinc and di-i-propylzinc
and ifs purity was periodically checked. The relative rate of reaction
of the two dialkylzines with phenylmercuric chloride was determined in
refluxing ether, refluxing tetrehydrofuran and tetrahydrofuran at 25°C.

""he results are shown in Teble 19.
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TABIE 18

Reaction of EtZZn + n~PrZZn with PhHgCl in 25 ml, THF

at 25° being ellowed to react for ten minutes

Run:

Noles of , loles of | loles of. Vol.of . Vol, of EtH Tt k

ENo.; Et, Zn3 | nPrzgn | PhHggl e ges di - | . Fr | ]
% - x 10 x 10 x 10 ?Pfgl?ge ! e?ﬁi?)e %crig'l % found | Fat ;
%28% 1,514 f 1.493 | 2,165 * 8 | 686 ;1/0.986 11/.999 11 '
29| 1.648 | 1.625 | 0.8263| W0 | 128 | "  ,1/l.002]1
30 1 1,543 L2z | L2 ; 103 ; 10L i n 1/.986 |1 |
‘ Reaction of EtQZn + nPrZZn with PhHgCl in 2F ml, THF at reflu

; (65°C) being allowed %o react for ten minutes. )

532 1.507 ! 1.486 ©1.082 ¢ 108 o109 ¢ 1/0.98k; 1 |
33 | L7531 g 1.708 | 0.8708 | {129 .13 o 1/0. 988? 1

%35 1.615 | 1.593 i 0.9970 ! 127 f 11 o 1/1.0031 1

: Reacclon of BtZZn + n-Pr Zn with PhHgCl in 200 ml. Ft?o &b reflux

; (35°C) being allowed te react for ten minutes.

{22 | 1.685 . 1.685 ; 0.8,08 i 132 ; 133  .1/1.000 {1/0.775 8.1
123 | 1.517 | 1.517 ,  L.2u9 13k 91 . " 11/0.813 | 2.2
2 | onome | onasw | ooz | 87 95 " |/e.8s8ias |
25 | 1.391 | 1.391 0.5596 | 150 | 112 " 1/0.858 | 6.2 3
126 | 1.575 ; 1.575 0.6662 | 200 126 o 1/0.811° 1.9 !
%27 ; 1.99% | L.99h | 07907 | 163 | 161 | " 1/0.918 1.2 |
; i ; : !
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2

Zn with PhHgCl in 25 ml, THF

at 25°C, being allowed to react for ten minutes

Run’ loles of! Moles of | loles of [Vol. of Vol of | It  BtH Ky |
éNO.E Et?z? ; i-Pr%Zn % PhHggl %nogized ex§:2ted§ ) PrH | PrH % k
. %10 , x 10 % x 107 [(ml ) (m1.) ﬁ orig'l | found | Bt
69 % 3,462 ; 3.462 { 1.128 %\270 285 L/l 000 1/1 061 ;1
70 | 3.583 | 3.583 3 1.250 | 279 . 29 " 1/1 097 | 1
T2 3340 0 3,340 i 1397 26l | 268 o host
P Reaction of Et oZn + i=Pr Zn with PhHgCl in 25 ml. THF at 6500

; f being allowed to react for ten minutes

64t 4,083 4083 | 0.6873 350 1/1,000 11/1.023 1
671 3549 . 3.5k9 0 1123 285 292 Lo 11/1.067 | 1
68 | 3.986 | 3.986 | 1.258 59 329 Lo ‘1/1. 138} 1

; ; Reaction of Et Zn 4+ i-Pr &n w1th PhHgCl in 200 ml of tZO

% % at )5°C belng allowed to react for ten minutes i

‘58 | 3.259 3,259 0.9560 232 270 i1/1.000 :1/0.881 : 9.7
59 | 2.210 ; 2.210 0.6337 | 172 o183 Lo {1/1.032 | 1
601 2.949 | 2,949 0.7731 242 | 247 1o 11/0.898 ' 5.0
61, 3.607 | 3.607 o.766L 1285 | 305 | v 14 ooaf

;62 % 2,04k | 2,04k , 0.6905 | 163 167 g " 11/1.118 1 0,22
163 | 3.110 3,110 % 0.6456 g oL3 . 264 § " *1/0 95+f 7.2 ]

e

s cnimga <
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SECTION V

THE SYN~-PROPORTTONATION OF DIETHYLZINC AND ZINC HALTDES

1. The preparation of zinc halide ~ILNN'N'-tetramethylethylencdiamine

ccrplexes

(a) Zinc iodide complex

N,N,N'N‘*tetramefhylethylenediamine (TMED) (L.5 m.moles) was added
tc a solution of zine iodiﬁe (1.5 m.moles) in methanol (10 ml.). On
cocling, and after reduction of the volume under vacuum, colourless crystals
were deposited.  After recrystal}isatioa from methanol these crystals
had m.p. 201-202°C,
(Found: 2Zn 15.09%, I 52.00%; CcH N, Znl, requires Zn 15.01%, I 56 29%).
An identical material was prepared from tetrahydrofuran (5 ml.), using the
same quantifies as above. After recrystallisation frem tetrahydrofuraﬂ
the crystels had m.p. 201°C,

(Found: Zn 15.07%, I 58.30%).

(v) Zinc bromide complex

TMED (4.5 m.moles) was added to a solution of zinc bromide (1.5 m.moles)
in methancl (10 ml.). The product, which was isolated in the same msnner
&s the zinc iodide complex was recrystailised from methanol, when it had
m.p. 179°C. (1it 178°C f1071).
(Found: 2Zn 19,06, Br 46.63%; CcH, (ZnBr, requires Zn 19.15%, Br 46.81%).

An identical mesterial was prepared from tetrahydrofuran (5 ml.), using
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the same quantities as above. After recrystallisation from tetrahydrofuran
it had m.p. 178%C.

(Found: Zn 19.01%, Br L6.4.%).

2. The ethylzinc iodide complex

TMED (12.0 m.moles) was added to an ethereal solution of ethylzinc
iodide (30%, 4.5 m.moles) under nitrogen, and the mixture stirred
magnetically. Heat was evolved, and as the solution cocled colourlesé
crystals were deposited.  After recrystellisation from ether, under
nitrogen, these had m.p. 103°C.

(Found: Zn 19.94%, I 37.64%; 'C8H21N22n1 requires Zn 19.37%, 37.60%).
An identical material was prepared from tetrahydrofuran, usihg the same
quentities as above.  After recrystallisation from tetrahydrofuran it had

m.pe 102°C.’

(Found: Zn 19.53%, I 37.98%).

3. The system diethylzinc plus zinc iodide in tetrahydrofuran

A solution of diethylzine (9.8 m.moles) and zinc iodide {1C.C m.molcs)
in tetrahydrofuran (3.0 ml.), wag divided inté two equal parts and each
- port.on used as follows :

(1) TdD ( 7 m.moles) dissolved in petroleum ether (60-80°G, 10 ml.)
was added to one portion of the solution aftef it had been made for two
hours. This was done under nitrogen,. and the mixture stirred magnetically.

The colourless crystalline product was filtered off and washed with pet.
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ether (10 ml.) then dried under vacuum and capsuled off, It had m.p.164°C.
1S, 47 '
(Found: 2n ¥Bz7%, I 58.5C%).

(ii) The other half of the solution was kept for seven days at 25°C
and then treated as above. The product had m.p. 105°C.

(Found: 2Zn 18,97%, I 38.43%).

L. The system diethylzine plus zinc bromide in tetrahydrofuran

A solution of diethylzine (0.053 meles) and zine bromide (0.053 moles)
in tetrehydrofuran (25 ml.,) was divided into two halves.

(i) After it had geen made up for two hours, one half of the solution
was treated with TMED (0,027 moieé) dissolved in hexane (10 ml.), under
nitrogen, and stirred magnetically for fifteen minutes. After reduction
of the volume of the soiution under vacuum 2 colourless crystalline
precipitateﬂwas rroduced, Whiéh was filtered off, washed with hexane
(10 ml,), vacuum dried and capsuled off. This crude product had m.p.175°C.
(Found: Zn 20.33%, Br L.,71%; Cgliy [N ZnBr, requires Zn 19.15%, Br 46.81%
and ¢8H21NZZnBr requires Zn 22,50%, Br 27.51%).

After recrystallisetion from tetrahydrofuran the product had mep.178°C.

(mixed m.p. with ZnBr,.TMED 178°C)

2
(Found %n 2C.05%, Br 45.25%).

(ii) The second half of the solution was kept for seven days at 25°C
and then treated in the same wey as the first haif to yleld a crude

product which had m.p. 173°C.
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(Found: 2n 20,14%, Br 42.35%).
After recrystallisaticn from tetrshydrofuran the product had m.p, 178°C.

(mixed m.p. with ZnBr,.TLED 178°C),

2
(Found: Zn 19.72%, Br 45.31%).

5, The system diethylzine plus zinc bromide in diethyl ether

A solution of diethylzinc (C.019 moles) and zinc bromide (0.0186 moles)
in diethyl ether (30 ml.) was treated with TMED (0.039 moles) fifteen
minutes after it had been prepared. After stirring for one hour a dense
crystalline deposit appearéd; This was filtered off, washed twice with
hexane (2 x 15 ml.), and then vacuum dried and capsuled off, The product
Ead m.p, 46°C. \

(Feund: Zn 21,92%, Br 28.32%).

A quantitative hydrolysis of a portion of the product with dilute sulphuric

acid yielded 79.9% of the ethane that would be expected if it were EtZnBr.TMED, /|

6. Attempted preparation of ethylzine bromide complex by the action of ethyl

bromide on a zinc~copper couple

Ethyl bromide failed to reasct with a zinc-copper couple under cunditions
similar to those used for the preparation of ethylzinc iodide, Also no
resctiorn would occur when ethyl bromide in tetrahydrofuran was refluxed in the
presence of & zinc-copper couple. However, éthyl bromide reacted with a
zinc-copper couple when refluxed in dimethylformemide; the soluticn produced
reacted violently with water, producing ethane. On the addition of TMZD,

however, no complex could be isolated.
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SECTION VI

N.M,R, STUDIES

The spéctrometer used was a Varian HA 100 model with a field-frequency
internal lock. Benzene was used as the internsal standard throughout and its
T value was teken as 2.73. All samples were in tetrahydrofuran solution.
Pue to difficulties in handling organczinc compounds gquantitatively on a
small scale the concentration of>some of the solutions whose spectra have

been investigated is not known exadtly.

The spectra af approximately 30% solutions of diethylzinc and ethylzinc
iodide in tetrashydrofuran provea to be identical; a triplet (J, 8 cps) at
8.95 T end a quartet (¢, 3 cps) at 9.92 % due to the methyl and me¢ thylene
groups of the ethyl group respectively. TFig.6 shows the spectrum of a
30% solution of ethylzinc iodide, In addition the spectrum of an approxi=-
mately equimolar mixture of the itwo organozine compounds was identical to
that of either of the two individual compounds (Fig., 7).

The spectrum of TMED showed two single peasks at 7.74 7 and 7.90 27
whose areas were in the ratio 1:3, duec to the methyléne and methyl groups
respectively. The position of these pesks was independent of the concen=-
tration of TMED in tetrahydrofuran.

The specfrum of a 0,9 solution of zinc iodide with added TMEDAagain
showed only two peaks, whose areas were in the ratio 1:3., Varying the

amine concentration affected the spectrum: as the amine changed from being
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in deficiency to being in excess the pegks broadened and moved to high
magnetic field. 7. values are shown in Table 20. The figures in

brackets refer to the molar ratios of zine iodide and TMED,

TABLE 20

4

|
\ ZnI, | TME®D o,
t e i L § C ;
i !
| ' | o ;
A1) (£) i 7.35 , 7.49
i i : . ;
; 3(1) (1) } 730 L 7.9
: c(1) (1%) | 7.48 1 7.6k |

The spectra for this are shown in Fig.8, In addition it was fcund

that on diluting a sample of zinc iodide plus a deficiency of THED, the

pair of pesks due to complexed amine moved further apart and to low magnetic

field; i.e. from 7.43 end 7.53 2 (G) through 7.41 and 7.52 i (H), to

7.37 and 7.50 ¢ (I). The opposite effect was observed on diluting a
solution of zinc iodide complex; +the peasks moved closer together and
up-field [ (J) and (K)1. Spectra of both these effects are showm in Fig. 9.
Similar effects were observed with zinc bromide., On diluting a sample

of zinc bromide plus a deficiency of amine with tefrahydrofuran, the pair
of amine peeks moved from 7.48 and 7.60 T (A) to 7.41 and 7.5k % (C).

On diluting = solution of zinc bromide complex the amine pealks moved from i
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7.49 and 7.57 T (D) to 7.5k and 7.61 ¢ (F).

..]_3 Bem

zinc bromide are also shown in Fig. 9.

Both of these effects for

The spectrum of an equimolar mixture of diethylzinc and TMED, both

approximately in 3M concentrations shows two peaks due to the amine at 7.72

and 7.83 7, whose areas are in the ratio 1l:3.

shows a triplet at 8.8y 7° and a quartet at 10.08 -,

this mixture is shown in Fig. 10.

Whilst the ethyl group

The spectrum of

The spectra of 30% solutions of ethylzine icdide in tetrahydrofuran

with varying emounts of amine were also investigated; the results are

shown in Table 21.

TABLE 21

E EtZnI/TWED ; Amine pesks - é 7 Methylene Tig.
1/0.225 i 739, 7.51, 7.52, 7.62. | brosd 9.8l | ———
(1) @) (3.0 G| ;
: i !
11/0.23 Tobl, 7.52, 7.53, 7.6k, broad 9.89 | —e
! (1) (1.35) (2.0) (3.5) | |
| . |
:1/0.92 i 7433, 7445, 7.50, 7.59 !. broad 10.05 ! 1
§ (1) ( .13 (2.63 (14.2) |

i
%1/1.0 7.50, 7.65 (broad) sharp 10.08 e
| (1) (2.9)
§1/1.5 7.57, 7.72 (broad) ‘sharp 10.07 12
| (1) (3.0)

i
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The first columm refers to the molar ratios of ethylzine iodide to TMED;
the second column gives the T values for the amine peaks observed, the
figures in brackets under the < values give the relative arcas of those
peaks; the third column refers to the spectrum of the methylene of the
ethylzinc group and describes its shape and gives its Qflvalue.

| The spectrum of a mixture of diethylzinc, zinc iodide and TMED, with
the components in 1,0M, 1.0M and 1.4 concentrations respectively, was
run after the mixture had been stored in solid carbon dioxide since being
made up. The spectrum was also run after the mixture had been left to
stand for one week at room temperature. The spectrum shecwed no change.
The amine peaks occurred at 7.31; Toldey, 7.49 and 7.58 77 and their areas
were in the ratios,l:5.2 : 3.2 : 15.3 respectively. The methylene group
occurred at 10.02 %" and was broadened. The spectrum is shown in Fig. 13.

To assist in ihe assignment of the four amine peaks observed; a
spectrum of & 1.0M solution of ethylzinc iodide complex was run and re-
peated with added zinc iodide. As the ccncentration of added zinc iodide
was increased from zero to 0.25M to 0.5M the two low field peaks increased
in intensity. This is shown in Fig. lk.

It was found in some of the spectra that the four amine peaks were
not fully resolved. TFig.1l54, shows & spectrum of ethylzinc iodide plus
TMED in which the middle two pesks are only jusf resolved, and Fig. 15 B,

a spectrum of a mixture of diethylzinc plus zinc iodide plus TMED shows

that the two middle peeks have merged.
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Finally, o spectrum of a mixture of dlethylszine plus zinc bromide
plus TMED in 1.0M, 1.0M end 0.5 concentrations respectively was run
after the mixture had been stored under solid cerbon dioxide since being
mede up, and again after standing for one week at room temperature; the
spectra were identical. Three amine peaks were observed at 7.56, 7.66
and 7.72%: their areas were in the ratios 1 : 4.6 : 2.9. The methyl
triplet occurred at 8.82 70 and the methylehe quartet at 9.82 and was
sharp. The eddition of zinc bromide to this sample broke up the three

amine peaks and gave two amine peeks at 7,50 and 7.61 T whose areas were

~in the ratio 1 : 3. Thesc two spectra ere showm in Fig., 16.
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SECTION VII

MOLECULAR WEIGHT DETERMINATIONS

The molecular weight of ethylzinc iodide as prepared in Section II,
in both tetrahydrofuran and diethyl ether at various concentrations was
determired by the elevation of boiling point method, under nitrogen. The

relationship used was

0 - Lb. 1000, W2

where M = the molecular weight of the species present in solution; Kb is the

ebullioscopic constant for the solvent used; W, is the weight of the solute;

2

/AT is the elevation of the boiling point; and Wi

solvent. A value pf Kﬁ = 2,292 fgr tetrahydrefuren was used; this was

is the weight of the

determined using phenanthrene., = Tor diethyl ether the literature value of
K, = 2.02 was used (1081, The molecular weights found are listed in

Table 22, The results are expressed in terms of an association ccnstant.

(Found M.W. .
(Eormula MW ’

c.f. page 43 )




]

TABLE 22
Molecular weight determinations on ethylzinc iodide
[ BtZnI] m/1. [ M,W. found ; Assocn. Consto‘g
In THF | 0.03070 ‘ 278.7 1,259
0.03860 i 290.4 ' 1.312 ’ ‘j
2.06529 f 255k 1.155 E";}i
| 0.12010 L s ; 1.246 |
0.40700 ; 238.4 g 1.077
In B5,0 | 0.01967 256.L ! 1.158
0.03475 ’ 295.0 1.332
0.05636 303.8 1,37
0.06229 ; 256.3 - 1.158 |
0.10560 ! 300.1 , 1.356
J
’;j%
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