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ABSTRACT

PART I of this thesis is concerned with the Raman and
infrared spectira of some alkyl-zinc and alkyl-magnesium
compounds.

Values of the zinc-carbon stretching frequencies for
ZTR,, (R = Me, Bt) solutions in ethers (Etzog THF, DME) and
complexes, ZnR2L2 (R = Me, Et; L, = Pyys dipy, TMED) are
consistent with a bending of the C - Zn - C skeleton and a
weakening of the Zn-C bond when the zinc dialkyl is in a
co~ordinating environment.

The infrarcd spectra of 'RZnI' (R = Me, ®t) solutions
in ethers (THF, DME) and coincident Raman and infrared
values of V(Zn - C) for a diethyl ether solution of 'ZtZnI',
provide evidence for an RZnI mchnomer as the principal
solution species. 'Mixed' (R2Zn + ZnX2) and normal ('RZnI")
solutions both contain the same species. Infrared spectra

of new complexes, RZnIL, (R = Me, Tt: L, = PYys dipy, TMED,

2
DME) are given.

Raman spectra of Grignard reagents and MgEt2 in Et20
and THF are reported but no structural conclusions can be
reached.

Calculations have becn made using an XY2 model.

PART II of this thesis is a study of mercury (199) -

proton spin coupling in some aryl mercury compounds., The



Hg - H coupling constants vary in a similar menner to the
analogous H - H parameters but are approximatgly 20 times
larger. This similarity and the variation of Hg - H

coupling in the series R,Hg, RHgOAc which is explained by

2
changes in the s-character of the mercury bonding orbital
and the effective nuclear charge of the mercury atom,
support a predominant Fermi contact mechanism for mercury
(199) - proton coupling.

In the Supplement, 19F n.m. r. parameters for some Dbis-
(pentafluorophenyl) thallium(III) compounds are reported and

the variation of T1-F coupling corrclated with the charge of

the complex,



ACKNCOWLEDGEMENTS

I wish to thank my supervisor, Dr. D.F. Bvans, for his
encouragement and guidance in the course of this work.

I am also indebted to Dr. W.P, Griffith and Dr. L. Pratt
for advice concerning Parts I and II respectively of this
thesis and to Dr. A.J. Po& for many helpful discussions.

The award of a D.S.I.R. grant (1963-1966) is gratefully

acknowledged.



CONTENTS

Abstract
Acknowledgement
Contents

Abbreviations

PART I

Raman and Infrared Spectra of some

Alkyl-Zinc and -Magnesium Compounds

1. INTRODUCTION

1.1. General Survey

l.2. Magnesium Alkyls

l.3. Zinc Alkyls

l.4. Grignard Reagents

1.5. Grignard Reagents - The Last Decade

l.6. Alkylzinc Halides

1.7. 1Ionic Features of Organo-zinc and magnesium

Solutions

2. RESULTS AND DISCUSSION
2.1. Zinc Dialkyl Solutions and Complexes
2.2. Alkylzinc Iodide Solutions and Complexes

2.3. The 'Mixed' Solutions, ZnR2 4+ ZnX2

Page

e W W

10
20

21

24

33
bby



Page

2.4, Organomagnesium Solutions L7

3. EXPERIMENTAL

31l. General 5
3.2, Dimethylzinc and Diethylzinc 54
3.3. Alkylzinc Iodide Complexes 56
3ele Zinc Halide Complexes 58
%.5. Infrared Spectral Studies 60
3.6. Raman Spectral Studies ol
L. CALCULATIONS USING AU XY2 MODEL 72
PART II.

Nuclear Magnetic Resonance Spectra

of some Aryl Mercury Compounds

5. INTRODUCTION

5.1. General Concepts 1

5.2, The Proton Resonance Spectra of Organomercury
Compounds 87

5¢3. The Mechanism of Spin Coupling 87



6. RESULTS AND DISCUSSION
6.1. The Variation of the T27Hg - H Coupling Constants

in the Series, R,Hg, RHgOAc.

2
6.2, Arylmercuric Acetates
6.3. 2-Thienylmercuric Chloride-Dioxan

6.4. Discussion

7.1l. General

7.2. Preparations

8. SUPPLIMENT

Nuclear Magnetic Resonance Spectra of some

Bis(pentafluorophenyl)thallium(III) Compounds

8.1, Preamble
8.2. Results and Discussion

8.3. Experimental

REFERENCES

Page

95
98
103
104

108
108

112
112
119

120



®t,0

THF

by

ABBREVIATIONS

Methyl Pe n-Pentyl
Athyl Pei iso-Pentyl
n-Propyl Vi Vinyl
iso~-Pronyl Ph Phenyl
n-Butyl p-Tol p-Tolyl
iso-Butyl O4c Acetate
Diethyl Ether MeOH Methanol
Tetrahydrofuran MeQCO Acetone
DME 1,2-Dime thoxyethane
TMED W,M, N ,N'-Tetrame thyle thylenediamine
DMBO Dimethyl Sulphoxide
Pyridine dipy Dipyridyl

o-phen ortho-Phenanthroline



PART I

1. INTRODUCTION

l.1. General Survey.

The organometallic compounds of thz Group II elements
are of two main types, the dialkyls and diaryls MR2, and
compounds with the empirical formula 'RMX', where
X = C1, Br, I.(1) For the latter several formulations are
possible (Fig 1). REither true RMX molecules or R2M + MX2
mixtures may exist with dimers or higher polymers formed
using halogen bridges from RMX or R2M + MX2 units, with
equilibria between any two or more species. Chemical and
physical behaviour ranges from the numerous air and water
stable mercury compounds to the few highly reactive calcium,
strontium, and barium derivatives.,

Ba Sr Ca Mg ﬁe,w Zn cda Hg

& more reactive less reactive ———>
Beryllium and cadmium compounds are similar to thoss of
magnesium and zinc respectively but are less reactive.

Bthylzinc iodide and zinc diethyl were the first
organometallic compounds prepared (.2)o Many »rganic

syntheses were developed using zinc alkyls under carbon



| Species and Equilibria

_possible Tfor ‘Aamx’ Systems

(RMX) (RM:MX,).

L 2Rg — RMlI-MX
IR

I (RMX), ¥—— R,M:MX,

Grignard Jolibois

Formulae

1



diloxide until superseded by the more convenient Grignard
reagents (1900)° Pure zinc alkyls have been extensively
studied but less is known of alkylzinc halides.

Magnesium alkyls were known some forty years before
Grignard recagents (3) but less is kncwn about them. Using
diethyl ether, Grignard obtained solutions of organo-
magnesium halides (&) Which‘quickly found a prominent role
as reagents for a wide range of organic syntheses (5) but
their constitution has remained controversial to the present
day. The account of Kharasch and Reinmuth (6) is still the
best survey of Grignard reagsents but more recent work has
been reviewed by Salinger (7), Ashby, and Hamelin (8)?% Much
of the terminclogy has originated with Grignard reagents and
these are considered first, with the extensive work of the
last decade cmphasised, followed by the analogous zinc

system.

1.2. Magnesium Alkyls.

Magnesium alkyls are highly reactive infusible solids,
decomposing above 17500, which are siightly soluble in

hydrocarbons but rcadily soluble in ethers.

* Weketield (1&3)



Table 1{a) Solubility of Magnesium Diethyl.t = 20°C . (9)
Solvent Heptane Benzene Dioxan Diethyl TWther
Solubility mole 171, 0.0012  0.016 2.0

Table 1(b) Solubility (mole. 1_1.) of Magnesium Dialkyls

in Hydrocarbons. 1t = 20°C (10)
e h n i n
Mg= 5 MgPr 5 MgPr o MgBu 5
Heptane 0., 0012 0. 0032 0.0C34 0. G030
Benzene 0.016 0.012 0.024 0. 024

X-ray powder diagrams (11) show that like BeMe2, MgMe2

and MgEt, are long chain polymers with a nzar tetrahedral

2
arrangement about the magnesium atonm.

Table 2 Structural Parameters for Magnesium Dimethyl

and Magnesium Disthyl. (11)

\Mgu/C\Mg T
- \o/ \C/ ~_
A

d(Mg - Mg) d(Mg - C) a(c - ¢) &
Mgt 2,67 £ 0,028 2,26 8 3.66 8 108° 72°
Mghe,  2.72 % 0.028 0.2, R 3.51 & 105°  75°

In ethers the alkyl bridges are broken and molecular
weight results (Table 4) show the solutions contain
moncmers. Varying results have bzen reported dus to oxygsn

contamination. Dioxan solutions prepared in vacuo contained



monomers but under argon, Gegress of assoclation between 1
and 2 were found (12). In diethyl ether, monomsrs were
present at low concentrations (43) but addition of oxygen
gave a trimeric species. In dioxan, solvent-solute
interaction occurs to give an unsymm-otric species (Table 5a).
Hollingsworth et al. by analysing the vapour above'Et2O
solutions of magnesium dialkyls with THF as co-solvent found
on average 1 mole THF complexed per MgR2 and estimated

eguilibrium constants for the step-wisc replacement

reactions (13).

RZI\/Ig('atzo)2 + THF%RQMg.Tm,EtQO + EtZO

R Mg. THF. 5,0 + THF;_—AQ_RZMg(Tm)Q + Bt,0
MgBt,, .50 << Ky < 130, 3 o"<K2-< 20 7
MgPry,  90'<TEK, <C130, -, 0<K,<T 5
MgPriZ, 60 <K, <C 170, 0K, <15

1.3. 4Zinc Alkyls

Zinc alkyls are volatile liquids with no evidence of
association (14). The properties of zinc diethyl have becn
reviewed (15) for its use as a recaction medium.

X-ray diffraction (16) of crystallinec zinc dimethyl
showed linear molecules and the vibrational (17) and

rotational (18) spectra of ZnMe, vapour are as cxpected for

2



a linear structure. The zinc-methyl bond length is

1.93 £ 0.03 £ (16) or 1.929 % 0,004 & (18).

Table 3 Physical Propzrties of Zinc Alkyls (14)
ZnR mpt.%C | bpt.°C/760 mm.| AT cal.molertan /1%
o | TP P 1T vap ’ ’ vap
Znlie,, ~29.2 L, 7,150 22,5
Znfit,, -30.0 117.6 9,605 o4, 6
ZnPrn2 -81 to -84 139. 4 9,620 2%, 3
ZnPr12 -57.7 201.1 10,260 21.7

The solutions contain monomers (Table 4) and dipole
moment studics show that solvent-solute interaction occurs
in dioxan while in hydrocarbons the molscules remaln
symmetric (Table 5). By studying the change in chemical
shift (YMS) whon dioxan, ethylene oxide, or DME are added to
cyclohexane solutions of zinc dimethyl, equilibrium constants

have been obtained for the complexing reaction (19).

. "- - L
ZnMe2 + 320L — MeEZnano




Table 4 Molecular Weights (P.FPt. Deoression) for Zinc

and Magnesium Diethyl Sclutions (20)
Solvent Cyclohexane Benzene Dioxan
MEt2 mol. wt.|conc'n. |mol. wt.{cone'n.|mol. wt.|conc’n.
ZnBt, |126 Lo 0.16 (123 = 2 0,20 |126 £ 2| 0.18
123.5 0. 49 0.50 0.50
MgEt, - - - - 83 L 2 | 0.146
82.5 0. 30
concentration mole./1000 gm. solvent,
Tgble 5(a) Dipole Moments (Dcbyes) of ZnBt,. and Mgit,
Solutions, t 20°% (21a)
Heptane Benzene Dioxan
ZI)E“CQ 0.0 0. 49 1.66




Table 5(b) Divnole Moments (Debyes) of Zinc Alkyl Solutions

t =200 (21b)
i

ZoR,, R = le Bt pr® prt B But Pe® pe

Heptane O.4 0.0 0.1 0.2 0.0 0.0 0.0 0.0
Dioxan 1.82 1.66 1,66 1.73 ".70 1.63 1.54 1.6k

1l.4. Grignesrd Reagents.

l.4.1. Introduction

Grignard recagents are prapared by interaction between
alkyl, alkenyl or aryl halides (not fluoridss) and magnesium
in diethyl ether. Other ethers are useful, e.g. THY, for
more difficult systems, while co-ordinating solvents such as
tertiary amines and dimethyl sulphide (22) have also been
used. Recently (23) hydrocarbon solutions of organo-
magne sium halides have been preparcd but the simple 'RMgX'
formula is not found in these systems which are thus not
considered here.

lok.2. Zerly Work,

From analytical and chemical data, Grignard proposed
the formala RMgX (5). For the solid 'etherates', oxonium
formulaec were Tirst suggested (24) but later, they were
formulated as ¥Werner complexes (25). Meisenheimer (26) was

the first to propose a structure accepted today.



Eth\ /R

Mg (1)
S £t 20 £
From the similaritics of MgEt2 and '2tMgX' systems and
the association found in Grignard solutions, Jolibois (1912)
advancad the formuls, Et2MgoMgX2 (IV) (27). The dimerisation
of 'MeMgI' in diesthyl ether was later confirmed (28) but
soon after with o wider rangce, it was found association

varied from 1 to 2 with incrcasing concentration (29).

l.4.3. The Schlenk TWguilibrium.

Schlenk and Schlenk (1929) discovercd that by adding
dioxan to a Grignard solution (PhiMgBr or TtMgIl in EtZO)'Mg%Q
and RMgX dioxanatcs were procipitated lecaving MgRg in
solution, and postulated two cguilibria (30).

2 RMigX &=2 R,Mg + MgX, (1)

RoMg.Mgl, === Rylg + MgX, (2)
Bguation (1) was favourcd as eight-fold dilution of a
solution gave no change in the apparent cquilibrium
position. Tguilibrium data for various systcms were
obtained by this method but Noller and White (31) showed
these results to be illusory as the yield of magnesium

dialkyl incrcased on leaving the solutions and precipitates

in contact or on ghaking together for 4-10 hours., Slow



addition of dioxan over scveral days gave a 95% yiecld of
MgR, (32).
Aston and Bernhard (33) used an extonded equilibrium to
consider Noller's results.
2 Rllgxez R Mg . MgX, &= Ryllg + MgX, (3)

Bxcept MgR all forms give insoluble dioxanates with slow

29
equilibration betwecen solid and solution sreciss.

The incrcased solubility of magnesium halides in
Grignard solutions has been studicd for MgBr2 + "BuMgBr'
(3L4) and MgI, _+ 1MeMgI' (35) .both in diethyl ether. For the
latter, the results did not fit the Schlcnk eguilibria, but
the data werc accounted for by equation (L4).

2 Ng12

The solubility of MgCl

+ MeMgIZ22 Mgl,.Melgl (4)

o in an ether solution of MgEt2

has been determincd (36) with values of MgClg/MgEtz of 1.6

at -31°C and 1.1 at 1500 showing BtMgCl.MgCl, spccies are

2

formed.

1.5. Grignard Reagents - The Last Decade (182)

1.5.1. X~-ray Diffraction Results.

Definite fommulae have only becn assigned by X-ray
diffraction studics. Rundle et al. have published the

structures of PhMgBr(Et20)2 (37) and EtMgBr(Et2O)2 (38)



(|

FIG 2 Single=Crystal X-ray Resylts for

Grignard Reagents

EtMgBr.2Et,0  PhMgBr2Et,0

dMg-Br)  2:48A 244 &
(Mg-C) 216 ~2-2
(Mg—O,% 2:03 20l
(Mg—Oz 2:06 , 2.06
BrMgC  124° BrMgO2 110°
BrMgO, 104 — 103°
CMgO, 110° closest

next d(Mg-Br), Mg—Mg~61A

58| A Br—Br 6'1~6-4A



obtained by cooling solutions with Et.0:Mg >2. Both

2
crystals consist of layers of ether molecules alternating
with 'RMgBr' units. In each molecule, the magnesium atom is
tetrahedrally surrounded by a carbon, a bromine, and two
oxygen atoms with no evidence of any intermolecular bridges
(Fig 2). Small bond lengths, especially Mg-0, show the
molecules are sirongly bound. Initial data for
MgPhQ(EtZO)2 (37b) were consistent with a tetrahedral
molecule. This evidence for solid state RMgX species is
useful but must be extended to solutions with caution.

l.5.2. Molecular Weight Results.

Any scheme proposed for Grignard solutions must be
consistent with reliable molecular weight data but only
recently have such become avsilable., Rarlier discussion
usually assumzd (imers in diethyl ether solutions.

Results for diethyl ether solutions wers renorted by
Slough and Ubbslohde (39) and Ashby and Smith (LO). The
former workers corrected the vapour pressure changes for the
gffect of Side—reactioﬁ products,

Mg + 2 RX—1>MgX2 + RQ’
but later workers have preferred to either minimise side-
reactions or remove thc products by recrystallisation.
'Catalytic'! amounts of oxygen gave dramatic increases in
association but no guantitative sffects were reported

(Table 6).



Table 6 Association in Dicthyl ZTther Solutions of

Grignard Reaments

13

RMgX conc'n® | t% | 19 RugX |Conc'n®|t%c | 1%
TtMgC1P 0.086 |35 |1.87 | PaMgBr®| 0.331 [15.0[1.97
0. 143 1.86 20.0|1.77
] 0.192 1,92 | PmMgBrC| 0.042 | 35 |1.07
primgci® | o.042 |35 |1.85 0.111 1,17
0.C80 1,90 0,179 1.31
0. 141 1.93 0. 241 1. 50
0.201 2,00 0.326 1.71
0. 260 2.00 | p - 7ol 0.368 {15.0]1.80
B4MgBr’ | 0.035 |35 |1.00 | MgBr® | 0.566 |  .|2.03
0.102 1.0k 20.0|1.82
0.105 1.16 | wesityl| 0.059 | 35 |1.06
0. 200 1.26 || MgBr? | 0.172 1.41
0. 249 1.37 | 0.275 1.77
TtUgI’ 0.055 |35 | 1.00 | MeMgI | 0.037 | 35 |1.06
0.108 1.12 0. 084 1,17
0.158 1. 27 0. 140 1.36
0. 204 1,36 0. 245 1.59
a Tensimetry (39) Tbullicmetry (L0)
¢ Concentration mole. 171,
Observed Mol.Wt.
d i = Degrec cof Association =

Calculated Mol.Wt.
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A few association data for THF (41) and NTt (42)
solutions have been rcecported. A 2M solution of ®tMgCl in
THF had mol.wt. 65 (BtMgCl = 88.8) by ebulliometry showing
it to essentially contain monomers.

Table 7 association in Tetrahydrofuran Solutions of

Grignard Reagents by Foulliomstry (41)
RMgX Conec'n. Degree of Association
mole.1”?

760 mm., 66°C 200 mm., 30°C

EtMgBr 0.1-0.3 1.01 1.04
EtMgCl 0.1-0.3 1.11 1.01

Table 8 Association of Bthylmagnesium Bromide in

Triethylemine by Bbulliometry at 150 mm. (42)
-1

Conc'n. mole. 1 0.086 0. 148 0,198
Degree of 0. 99 1. 04 1.06
Association

Not uncxpncctedly, association increases with
concentration and decreases with rise in temperature. 1t
also varies with solvent and halogen but the organic group
has little effect. The existence of monomers where MgX2

species would precipitate is strong evidence for the RMgX

monomer,.



A study of very dilute solutions manipulated with
extreme care showed only monomers were present (43).
Teble 9 Association in Very Dilute Solutions of

Magnesium Compounds (43)

Diethyl Ether Tetrahydrofuran
Mg conc' . i Mg conc'n. i
Comp'd |mmole.l 5| at |Comp'd mmole.d | at at
27.3°% 27.3%137.3%
mtMgBr L. 19 1.00 |ZtMgRr 8.67 1. 00 1.00
Le 30 1.01 9.52 1.00 1.01
6.71 1.01 |MgRt, 3.91 0.98 | 0,98
Mgk 5 2,50 0.99 3,90 1.00 1.00
2.6l 0.97

The number of particles in solution was reduced by 2/3
with the absorption of one oxygen atom per Mg-3t bond (Lk).

Hayes (45) reported tensimetric studics of Bt,0
solutions of BtligBr which agree with Ashby's data but dirsct
comparison 1s not possible as different concentration units
were used (mole-fraction). Vapour prossurcs above THR
solutions were much lower than predicted cven for monomeric

species in solution.
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l.5.3. Schlenk Tguilibria Studies.
In general, the mixed and normal Grignard solutions are
taken to be eguivalent. BSeveral experiments have been

devised to show that R, Mg and MgX2 react and to prove the

2
identity,

RoMg + MgX, ———> Grignard & —— R+ g
Mixing Normal
Dessy (1957) attempted to identify the Schlenk
equilibrium (1) or (2) by a radiochemical method (46).
o or Man2 in

Etzo was separatcd after 10 mins. or 36 hrs. by dioxan

precipitation with only L4-10% exchange. Any RMgX species

Mé*Brz (labelled with 2°Mg") mized with Mgl

would czuse 100% exchange and this confirmed ecquation (2).
Mounting evidence (1963) for RMgX species in solution made
Degsy consider a wider range of experiments (47). No
obvious relation between practical techniques or purity of
the magnesium source and the varying results can be made
(Table 10). Hass-spectrometry was used to show camplete

-
22y,

exchange between igBr,, and 'EtMgBr' in 5,0 (48). No

2
definite result is now inconsistent with the presence of
RMgX species.

A linear cdiczlectric constant change occurs when
eguimolar ether solutions of MgBr2 and MgEt2 are mixed (L9).

Two straighi linces intersect where MgBrZ:MgEt2 ig 1, shaowing

a 1l:1 resction has occurraed. The dielectric constant at
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Tabla 10 Radiochemical Study of the 7xchange Rcaction (47)

: 28 28
» : " il \f
Mghz + Mg BLZ Mg R2 + thr2
by ] a 281.7 b o c 4 T $
RZMg Prep'n Mg MgBP2 Solvent Secpar’ n Result
SOoUr'CC Prep n. Method
Etzﬁg A B A Etzo dioxan No. ®Bxch.
1 A B + C A 1" it " it

11 i

t
e
o=

alectrolysis

dioxan + Stat. *

=g

(88

=S
—

z 25 e 3
clectrolysis (““Mg )

" A A A i dioxan Stat. Ixchs

! A A B " " . !

" A A B THF dipy " "
Me lig B A B B i ! "

" B A A EtZO dioxan " "

" B A A 1 dipy " "
Phollg A B A " dioxan No "

a) R Mg preparcd by A. '"RMgX' + dioxan

B. RzHg + Mg
b) Mg scurce was A. Dow triply sublimed.
B. Dow atomised shot.
C. Grignard rcagent grade turnings.

c) MgBr, preparcd by A. Mg + Br,.

B. Mg + CZHABP2°



this point is the same for an 'BtlMgBr' solution of the same

concentration. ('BtMgBr' and Tt Mg + MgCl, solutions in THF

2 2

had the same dipole moments (41)).

Smith and Becker (50) studicd this reaction
calorimetrically. Heat evolution on mixing is linear with
moles added to 0.8:1 mole ratio with AH = 3.6 kcal.mole

MgRht At 1:1 mole ratio, 8 mole % of (MgBt, + MgBrz) is

2° 2
unchanged. This mixture (O0.1M) has the same association as

an "EtMgBr' solution (0.1M), i = 1.04.

MgEté + MgBr <5——2 2 EtMgBr

2
mole % 4. 4 92
Crystallisation tecchnigues have becn used to study

5 Or Mg@t? can be romoved in this

way. Complete alkyl exchange occurred when 'TtMgBr' (140

mixtures and excess MgBr

labelled) was mixed with MgEt2 in Et20 and then separated by

crystallisation (51).

1.5.4. Nuclear Magnetic Resonance Results,

The application of nuclear magnetic resonance (n.im.r.)
to Grignard reasznts has proved disappointing. The chemical
shifts (SR) for alkyl Grignard reag:nts and MgR2 Speciges are

almost identical in both Bt.0 (52) and THF (41) solutions,

2
but a slight difference is reported for phenyl derivatives

(37a). MWMixtures of Mg3t,. + MgX,. behaved as normal Grignard

2 2
reagents (52b). Fast alkyl exchange (53), although hindered

by co-ordinating solvents, averages the small chemical
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shifts found in these systems. As 19F shifts are larger and
phenyl exchange slowcr, ?C6F5ng' solutions in Et2O were
found to contain both Grignard and Jolibois spscics (54).
Fast exchange (T;450001 szc) accounts for the simple spectra

of R,C:CH'CH,MzBr (R = H, Me) solutions; on cooling the
single methyl line bzcomzs a doublet (55). Detailed

. - - aa AprtTIm! » Me_ 0O I .OH X
analysis of the changes AA BB-<>.A2B2 for MQBU.CP2 C PLE

(56) and AA'X—> A X for R.CH(Mc)*CH MgBr (57) systems shows

2 2
carbanion inversion responsible with an alkyl exchange
m=chanism indicated (56). From’"!ZMO for MeLi and MeMgI in

Et2O, the Mg-C bond was stated to have 21% ionic character

(57) (99).

1.5.5. Bolvent Bffects in Grignard Solutions,

The need for co-ordinating solvents in Grignard
reactions is well known. Solutions in hydrocarbons are
easily prepared when 1 mols of THF (58) or NEt3 (59) per Mg is
added., Evaporation of 'BEtlMgBr' solutions gave precipitates

with MgBr, in excess to the amount required by the formula

2
'"BtMgBr', whose degree of solvation varied as,
Pholic Pri2o> Bu",0 < 3t,0 &L THE ~Wity, while
thermogravimetric studies gave a bond strength order of,
pr,*0 & Bu,"o Lat,0 < THF. (60)

The solution varameters arc more difrficult to estimate.

P c iatior ] :
Prom the variation of 2t 0 and ZtMgBr with oconcentration,

Mg:Bt,.0 was cstimated to be 2 (52b). Hollingsworth (61)

2
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found, on avcrage, 1 mole. THF complexed per magnesium in
Et20 solutions of 'RMgBr' with THF as co-solvent. The
effect of solvent variation on reaction rates has been noted

(62) while asymmetric Grignard syntheses are possible using

optically active solvents (63).

1.6. Alkylzinc Halides

Only alkyl iodides can be uéed to preparc these
compounds directly but unlike Grignard rcagents, no solvent
is necessary. Other halides and aryl derivatives are
preparcd by the 'mixing' recaction (6L).

REZn + ZnX2—1>2 RZnX

Dioxan preccipitates the same compound, BtZnl.dioxan,

from ®t,0 solutions prepared by (a) Zn + BtI or

2

b) Zn®t. + Zni. (64a), while Formation of ZnRﬁ’species by
o

2
the reaction of'I{MgX’ with an 'RZnX' solution supports an
RZnX spcecies as Jolibois forms would give a mixture of Zinc
alkyls (64Db).

Dessy found conmplete exchange when a mixture of ZnE‘t2
and Zﬁ*012 (labelled with 65233 in THF was scparated after
120 hours by dipyridyl. Since the mixture (0.1M) was
monomeric, TtZnCl was present (65).

Abraham and Rolfe (66), found that Et,0 and THF

solutions of '3ItZnI' gave the BtZnI.TM3D complex as did

7 day~old mixtures of Et2Zn + ZnI2 in THF but ZnI2.TMED was
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precipitated from a solution 2 hours old. Ovsr a range of
concentrations, B.Pt. elevation gave 1 = 1.2 Tor EtQO and
THF solutions showing TtZnIl is the main solution species.
Both RZZn + RZnl species in ethercal solvents have very
similar chemical shifts (52a) (66). Hydrocarbon solution

results provide a possible explanation of this problem (67).

Table 11 Chemical Shifts for 'Bthylzinc’ Solutions (67)

Compound BtZnCl ®1ZnBr 2tZnI Zn@tg
"I’CH (Tolucne) 9.35 9.31 - 9,87
2
o (EtZO) 9,78 9.72 9.65 9.79
2

Since tetrameric '2tZnX' species exist in hydrocarbons,quH
2
varigs with the chenge of co-ordination number rather than

the replacement of #Bt by X.

1.7. Ionic Features of Organc-zinc and magnesium Scolutions.

Abegg (68) sugzested Grignard reagents rcoact as R MgX ",
a concept still used today. Organo-zinc anG magnesium
solutions conduct clectricity (69) but the small eifect
(—A—""].O"5 - 10_6) is only detected using high fragusncy AC
bridges and is increased considerably by traccs of oxygen.
The variation with species (RMgX > RZMg:> RQZn), solvent
(C6H6< diox <1\TEt3< Tt,0 < THF) ané concentration (first
increase, then decrecase) shows that ion-pairs (aggregates at
higher concentrations) carry the current. Normal 'TtMgBr'

Mg + MgBr.' (Br/Bt 1.72, 1.07)

(Br/Et 1.10) and 'Et 5

2



solutions in cther show very similar conductivity behaviour
(69Db).

Bvans (1934-42) studicd the electrolysis of Grignard
solutions extensively (70). Generally rmagnesium 18
discharged at the cathode and alkyl radicals at the anode,
with a et gain of MgX2 in solution. A magnesium gain near
the anode shows it is preosent in both anions and cations.
With solvated Rigd, RzMgg and MgX2 species, 3Ivans and

Pearson (70b) suggested the scheme below.

Tonisstion: RZMgzé?RMg+ + R

BMaX =2 RilgT + X~ or MgX" + R
Mngz;?MgX+ + X
- 2N I ¢ ’I‘- o) ‘&
R+ RzMg(AMgX or Mng)-%>R3hg (RzMgh
or RMgXZ-)

Cathode Discharge

2 MgX" (Riig¥) + 2e —>MNg + MgX,, (R M)

Anode Discharge —
= orRMeXg
! - o - 9.\_ 7 1o I o T .
33Mg (RZMng ) R + RzMg(RMgX or ngz) + e
2 R—R,. or R or R or rcacts with solvent.
2 +H ~H

%
* , (%%ug)

From c¢lectrolysis results for Mgﬂtz + Mg Br
solutions, this scheme was simplificd (71) but all
radiochemical data now rcguire rcconsideration.

Bvans did not consider Grignard solutions ionic but
that the Mg-C bond had considerable ionic character.

Carvanions probapvly exist transiently but a Grignard



solution (MedlgI in Et.0) was virtually unchangcd after

2
30 years (72) in contrast to the ionic sodium alkyls which

rapidly attack ethor.

N
(X
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2. RZSULTS AND DISCUSSION

2.1. Zinc Dialkyl Solutions and ComplcXcs

The vibrational spcctrum of zinc dimcthyl has been well
investigated by Raman (73) (74) and infra-red (17) (75)

-
L

techningques and a complcte analysis has beon given (17).

The few coincidenccs show the molccule has a centre of
symmetry i.c. a lincar C-Zn-C skecloton with frcece rotation of
the methyl groups (75b). The zinc-carbon stretching
frequencics arc 504 cm—lg symmetric, Raman active,
polarised, and 615 cmﬁlﬂ asymmetric, infra-red active. The

/s

. , . . . -1
two mzthyl rocking frequencics occur in this region 7C7 cm

(infra-rcd) and 620 em™t (Raman). The C-Zn-C bending
frequency is 14k cm_lo Less is known for zinc diethyl (73)
(76) but a part assighment of frequenciss (77) shows the
C-Zn-C skcleton is linecar with probable free rotation. By
aralogy with zinc dimethyl, the intense Raman band at
476 cm"1 is assipned to the zinc-carbon symmetric stretch
but weak bands at 533 and 579 cm—1 remain doubtful. Strong
56l cm_1 ant waak 479 cm"1 bands observed with a hexane
golution werc zssigned to asymmetric and symmctric zinc-
carbon stretching modes recspectively (78).

Raman data for zinc dimethyl and zinc diethyl solutions

1

over the rangc 200-1,000 cm — arc given in Tables 13 and 14,

with data for tihc solvents uscd in Table 12.
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The specira arc dominated by an extremely intense

1 which is assigned to the

polariscd band ca. 500 cm”
symmeiric zinc-carbon stretch. Zinc dimethyl solutions have
a strong band ca., 610 cm ™+ assigned to the Raman active
methyl rocking mode but zinc diethyl solutions have scveral
weak bands in this rogion. They arc most probably
combination frecucncics except the stronger band in the
570-590 cm_l range which 1s assigned to the Raman active
methylene rocking vibration. The remaining weak bands are
most likely combination frequencies. Zinc dicthyl spectra
have two additional bands at 955 and 990 cm_l assigned to

ethyl group vibrations (86).

Table 12 Raman Spsctra of ths Solvents used. (cm_l)o
n-~-Hexane 323 m, 365 msp, 40O msp, 460 w, 75C w.
Diethyl Sther 438 s, 768 w, 842 vs, 918, vw, 930 s.

Tetrahydrofuran 262 vw, 912 vvs.

1,2-Dimethoxyetiane 369 m, 828 msh, 850 s, 980 w.,



Neat

Liquid

2L8 vw

LE8 w
505" vvs

620 s

o

Hexane

753 w

0.32

& N.G. Pai (73)

382 w

LI msp
505iK VVS
612 sbr

749 vw
791 w

8L ssp
930 m

0.27

Table 13 Raman Spectra of Zinc Dimethyl Solutions (em™

II\ Fj'!

2. 1.2M
254 wvw
285 vw
398 wsh
445 wsh

1935 vva

610 vs

915 vvs

0.29

2

DME
3, 03M

367 m

L91 " vvs

6G3 s

820 wsh

853 ssp
983 w

0. 34
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Table 1L, Raman Specctra of Zinc Dicthyl Solutions (cm—l)

Neat g

Liguid

255 m

476* vVS
533 w

579 m

938 m
990 m

>k

> -

Hexane
2.18M

251 wm
320 wm
373 wmsp
L06 wsp

475*'vvs

538 wvw
557 wvw

590 w

750 w

0. 32

& N.G. Pai (73)

253 w
382 w
441 msp

475*'vvs

581 wbr
636 vw

795 w

845 s
919 vw
933 m
955 m
990 m

0. 32

THF

. O2M

251 w

381 vw

469ﬂkvvs

586 wbr
637 vw

850 wsh
915 vs

955 m
994 m

0. 37

DME
2.91M

2L7 vw
369 m
465ﬂ%vvs
5L2 vw

574 w
636 vw

826 wsh
852 vs
915 wsh

954 msp
990 m

0.27
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Infra-rcd deta (14—24}0 for zinc dimethyl and zinc
diethyl solutions arc given in Table 15, with assignments
for thc two strong bands obscrved (Fig 3). The additional
weaker band ca. 490 em™ T found for zine dimethyl solutions
1is assigned to the symmetric zinc-carbon stretch, in good

agreenment with the Raman value.

Table 15 Infra-rcd Spectra (1h~24M) of Zinc Alkyl Solutions
7

(en™h)

a) Diethyl Bther

ZnEtz, 1.47M, 438 s 465w 501l m 551 vs(b) 611 vs(c)
Solvent, 438 s 501 m

b) Tetrahydrofuran

Znle,, 1.72M, 487 m(a) 547 s(b) 57%w 623_ah 664 sbr(c)

5 1,80M, 53 vs(b) 608 vs(c) 658 s

Solvent, 665 s

Znit

c) 1,2-Dimcthoxyethane

ZnMe,s 1.09M; 445 wor 490 m(a) 515 sh 539 s 569 s 668 vs(c)
Zn@tg, 1.04M, 445 wbr 513 w 539 s 569 w 608 vs(c)
Solvent, 513 w 539 s 568 w

d) Dioxan

ZnBt,, 1.55M; 437 m 54,6 vs{(b) 604 vs(c) 611 vs
Solvent, 4138 m 499 w 611 vs
Asslgnmonts.
() V gm(@n = 0)  (8) N0, (20 = C)
(c) rock.
5 CH3(cn,)

2
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In rccent yecars, complexcs (ZnR2L2) with varicus
ligands; in particular nitrosen donors, have beon reported
(79) (80) (81) which arc much less rcactive than the parent
zinc dialkyl compounds. Infra-red data (14—24}9 for some of
these complexes arc given in Table 16, with assignments.
Complex formation cnables all four Tundamentsls in this
recgion to bc obscrved for zine dimethyl systems but zinc
dicthyl spectra wcore less satisfactory as th? bands were
broad and not all the four fundam:ntals could be detected.

Table 16 Infra-rcd Spsctra (14-2&}9 of Zinc Alkyl Complexes

(em™)
a) ZnR,py,
R=Me 4l2w 419m 35w 462s(a) 51iks(b) 595sh 614s(c) 639sbr 696s
R=C1(82) 422 637 696

b) ZnoR,dipy
R=Me Ll2m 465m(a) 510s(Db) p02m(c) 621ssp(c) 638sh 651s
R=1t 506sbr(b) 619ssp(c) 625sh 650m

c) ZoR,.THZD

2
R = Mc 458 sor(a) 507 vsbr(b) 590 m(c) 638 sbr(c)
cf.(87) 453 510 610 645

R = 7Tt 435 vsbr(a) 499 vsbr(b) 585 (c)

Agsignments
(2) Vo

(c) SCHB(GHQ) rock

(Zn - C) (v) \Jasym(Zn - C)



The

18, show

zinc-carvon stretching fregqucncies, Tables 17 and

two distinct trends which provide information on

30

the cffect of co-ordinating environments on ths zinc dialkyl

structure.

*

Tavle 17 Zine-Metlyl Stretching Freoucncies (em T)

Purc ZnMe2 Solutions ZnMc2L2
ZnMcz

Celyy Bt 0| THF | DM%|2 py| dipy| TMED
615 (17)| - - | 547 | % |514 | 510 |507
505 (73)| 504 |502 | 493 | 491{462 |465 |L458
1.22 - - 1.1 l,lO 1.1011.11
559 - - 520 1488 | 488 |483
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Table 18 Zinc-Zthyl Stretching Erequgnci§§w£qufl

Pure ZnEt2 Solutions ZnEt2L2
ZnEt2
C6H14 EtQO THEF | DM% |2 py|dipy|TM#D
Vasym (&) | - 564 (78)| 551 |53k | ¥ [L97 506 (499
Ny () |475 (73)| 475 L72 |69 | 465|440 | K 1435
AVWAVA - 1.19 1.17|1.14 - |1.13] - [1.15
OV, +V )| - 525 511 |502 | - |468 | - |467

%KBand_obscured by solvent or not obsecrved

(a) I.R. data (b) Raman (soln.) or I.R. (complex) data
The ratlo’oasym/ngm is less when the 2inc dialkyl is

in a corordinating cnviromment. The effoact is markzsd for

S i imoth . . o
the zinc dimethyl system (igsyﬂ/\éym 1.22 1.10) and can

only be attributcd to banding of the C-Zn-C skeleton.

Calculaticns with a simple XY2 model suggest a value of

0 0 . . .
1407-120" for tie C-Zn-C angle. The change is less marked
and morc varied for the zinc disthyl system and an
intermediate valuc of\) /i) for the diethyl cther

asymw “sym
solution suggceits a weaker complex is formed. The value of

asym(Zn - C) for.the dipxen solution, 546 cm-l, shows the

frequency shirt coincides with the dipole moment change



noted previously (21).

If only Raman data had been collceted the ZnR2
molecules would bc thought guasi-lincar as no additional
bands are detcctcd with co-ordinating solvents and the
symme tric stretching frequency is little sltercd by solvent
change. However, the I.R. spectra show considerablc changss
and for the solids, both stretching fregucacics are observed
as cexpected for ZnRZL2 molecculcs with C2v symmz try.

Disilyl ether, a more cxtreme case; obeys lincar
selection rules for both Raman and infra-rcd spectra (83a)
but clcctron diffraction and the slight shift of”QB(Si - 0)
on 18O substitution show th> molecule is bznt with

s'i/o\Si = 140° (83D).

BotthSym(Zn - C) and \ésym(Zn - C) frcocquencies
decrease, the lattcr considerably, in co-ordinating
environments. The average, %(\Lym +.Oasym> is used here as
the 'characteristic' zinc-carbon stretching freguency in
these systems. The degree of ligaend effsct is in the order,

Et20< THF ~DME &2 py ~dipy~ THED,
which parallcls the gencral trend in ligand donor ability.
Calculations demonstrate that both an epparcnt increase of
the mass of tho ccontral zinc atom with ligand attachment and
dccrcase of the forcc-constant of the Zn-C bond are
nececssary to account for the change. Since different

combinations of the two cffccts give similar changls,
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separate asscssmcent of the two factors cannot be made.
Values Of\oasym/vgym calculatzd using parameters appropriate
for the 'charactcristice' frequencics of th: complexes
usually diffcer from experimental results and morc exact
calculations for these systems would use a tetrahcsdral XY222
mode 1.

Changes in the zinc-carbon stretching freguencics run
parallel with changes in the strength of the zinc-ligand

bond. For cthor molccules (Bt,0, THF, DMZ), the C-0-C

2
deformation fracucncics are lowered on co-ordination (84) (88)
but no changes werce ncoticed in this work. Since
co-ordinaticn doecs occur, the zinc-oxygen interaction is toc
weak to affect the C-0-C vibrations. The nitrogen complexes
with lower\D(Zn - C) valucs arc stronger bonded. TFyridine

ring fregucncics at 403, 601, and 700 Cm.'1

1

shift to 4224

637, 697 cm
1

in ZnCl,py, (85). Strong bands at 419, 639,

and 696 cm — for ZnMc,py, show a strong Zn-N bond is formed.

2.2. Alkylzinc Iodide Solutions and ComplcXxes

Infra-red data (1L-241) are reported for alkylzinc
iodide solutions, Table 19, Tig 3, and complexes, Table 20,
Fig 4, with assignments for the two strong bands observed.
The latter new unrcective compounds can be handled rapidly
in dry air and usually decomposc without melting when

heated. Some, more concentrated @ thylzinc iodide solutions
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FIGS

LR. Spectrum. of some Organo-zinc Solutions

Wavelength({microns)
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FIG L

I.R.Spectrum of some Organo-zinc

Complexes

Melnldipy

Me,Zn.dipy

Wavelength(microns)
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were examincd by Raman (200-10C0 cmfl) ané infra-rcd (8—2%u)
methods, Tablc 21. In the Raman spectrum, apart from
solvent and ethyl group (951, 990) frequencizs and the two
bands assigned as sbove, a shoulder (473 cm—l) duc to a

small amount of frce zinc diethyl 1s obscrvod

Table 19 Infra-rcd Spectra (1h-24p) of Alkyvlzine Iodide -
7
Solutions (cm™)

a) Tetrahydroiuran

MeZnI, 2. 831, 530 s(a) 581 w 640 sbr(b) 668 sbr

217ZnI, 1. 92, 505 s(a) 600 s(b) 668 s
Solvent, 665 s

b) 1,2-Dimethoxyethane

MeZnI, 1.51M, L47mbr 494vw - 51li4sh 523(a) 536vs 568w 654vs(b)

BtZnI, 1.61M, L45wbr 501vsbr 511w 538vs 568w 607s(b)

{a
Solvent, ' 513w 539vs 568w
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Table 20 Infro-red Spcctra (14-240) of Alkylzinc Iodide
7

Complexes (cm™)
a) RZnlpy,
R=Me 415m 423s 511s(a) 626vs(b) 636,640m 653wsp 678sh 695vs
R=5t 417m 425m 491mbr(a) 595m(b) 633,640m 651w  678sh 696vs

ZnCl,py, 422 637 696
(82)

b) RZnldipy

R = Me 410 s 533 vs(a) 630 s 638 vw 651 vs 662 w

R = Bt 505 ve(a) 599 m(b) 633 m 638 sh 651 vs

c) RznI.TWED

R = Me 437 w 456 w 483 w 515 s(a) 586 vw 654 m(b)

R = Bt 434 w 450 w 482 w 498 s(a) 585 w 603 m(b)
Assignments

a Y in - A >
(2) V (zn - C) (b) 8CH3(CH2) rock
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Table 21 Bthylzinc Iodide Solution spectra (cm 1)

Dizthyl Fther Sclution 3.33M

Raman

37 vw
396 vw

Lhl m
473 sh
Bli%vs (a)

581 vw
611 w(b)
633 vw
781 wm

835 m
844 vw
906 mbr
928 vw

951 w
989 m
* f) = 0.55

Infra-red

417
440

510
556

613

778
791
831
842
903
917
932
951
996
1042
1075
1109
1149

W

wbr

s(a)

wbr

W

w

VS
m
VS
S

THE Soln. 3.20M

InfTra-red

507 m(a)

605 m(b)
663 m

873
909 s
943 sh

9]

1031 s
1056 s
1176 w
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Similarly, the wcak 556 cm band in the infra-rcd spcctrum
may be due to frcc zinc diethyl present. The remaining
bands arec solveant or probable combination fregquencics.

The possiblc solution specics are,

The simple mixture (1) is unliksly on chomical grounds but
differcnt infre-red data for RQZn and PRZnI" systems
eliminate it completely (Figs 3, 4). Th: solid complcexos
will have structure (2) but (3) and (4) arc possible in

solution. Structure (3), ZnR, complexcd by I.ZnS, requires

2 2 2

distinct Raman and infra-red stretching frecquencies.
However, coincidence of the intense 511 to cm“l Raman

( = 0.55), and strong 510 £ 1 em™% infra-red bands in BtZnl
ether solution spcctra, assigned to (Zn - C) can only be

accommodated by an RZnI structure, preferably monomcric.

The sharp (Zn - C) bend, 507 em ¥, found for 3tzZnl in THF
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docs not broaden or shift when the solution, 3.20M, is
diluted to 0.49M and 0.26M. This suggests the same species
for all concentrations and, as 3tZnI in Etgo or THF is

*a range of concentrations' (66), that it is

monomeric over
(2), RZnIS,.

Teblec 22 Zinc-Carbon Stretching Frecoucncics (cm—l) for RZnI

Systems
Solvent RZnI Sclutions RZnIML2 Complcxes
or’
Ligand Et20 THF DME® DME 2py dipy TMED
R = Me - 530 523 527 511 533 515
R = Ot 510 505 503 508 5491 505 498

The smallcer variation of V(Zn - C) compared with ZnR,,
results shows the solution spocies and complexes to be
similar. As before, co-ordinated pyridine bands (415, 422,
636, 640, and 695 e for MeZnlpy, show strong Zn-N bonds
arc formed but, in contrast to the zinc diethyl systems,
concentrated solutions of ®tZal in cther and THE hawve
additional bands in the 8~1%*bregion which arc known to
indicate co-ordinated solvent molocules (8k) (88) Table 23,
Fig 5. The assignment of S(C—O—C) frecguesncies for THF is

straight forward, with shifts of 40-50 cm—l on
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co-ordination, but for Bt%,0, since coupling occurs between

2
gS(O—O—C) andV(C-C) vibrations, the assignments are less

certein (sec Tablc 27).

Table 23 Solvent Frcoucncics (cm-l) for TtZnl solutions

(8-1

Diethyl Tther

Solution 778s 791sh 831m 844w 903m 917w 932w 1042s 1075s 1109w

Solvent 792w 8L5m 917w 933m 1041m 1073m 1112s
Zn012 780m 835m 900m 1030m 1090m
(EtzO)

(881)
Tetrahydrofuran
Solution 873 s 909 s 943 sh 1031 s 1056 s 1176 w
Solvent 209 s 1031 wsh 1087 s 1179 w
ZnClQTHF 872 s 920 w1022 s 1179 w

S Sym(c-o-o) S asym(c-o-c)

In the Raman spccitrum of BtZnl in diethyl ether, the
shoulder (473 cmfl) due to free ZnEt2 suggests that a
Schlenk equilibrium may cexist in this system. An cstimate

of the amount of frcc Zn®t, present was obtained using an

1y

2

ether band (840 cm” as an internal intcnsity standard.



Calculation.

2.0 ml BtZnl solution weigh 2.719 gm.
By analysis, [2n] = 3.334, (1] = 3.52u.
thus, by diffcrence, [Btzd] = 7.31M.

Now for standard ZnEtZ/Et 0 solution with

2
[3t,0]/ [zmat,) = 2.2,

on K [znomt,
—= = 3,53 = e=———===, whcrc K is a constant.
I

S o]

Thus ¥ = 3.56 x 2.42, for calibration.

H

For TtZnI solution,

7n L7 X Znﬁté]

- - ?

Ig 322 7.31

givingy_[ZnEté] = 0.12M.

From mass-balance eguations,

\—anz'—\ - 0.3 and |B4znI} = 2.90M.
— g | oy - |

The equilibrium prcescnt in this solution is,

ZnBt, + Znl @=22 TtZnl, K = 2.3 x 10°.
molec % 3.6 9.3 87.1

These figurcs only give an order of magnitude but
compare with th: similar 'BtMgBr' cquilibrium (50).
NgZt, + lMgBr &=2 Btlighr, K = 5.7 % 10°.

mole 9% 4 k. 92
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2.3. The 'Mixcd’ Solutions, ZnR. + ZnX,.
" 2 P

The 'mixed' (RZZn + ZnXZ) and 'normal' (Zn + RX)

solutions arc usually considercd identical but with hours or
days necessary for complete cxchange to occur. Thus Dessy
(65) used contact timce of 120 hours while Abrahams and
Rolfe (66) statecd that BtZnI.TMED was obtained from a
'mixed' solution after one week.

Infra-rcd data (14—24}0 arc reporied for the purc zinc
alkyl solutions and also after the addition of solid zine
halide complcx, Teblc 24. The idecnticel spectra of 1:1
mixtures and RZnl solutions show that both solutione contain.
the same spccics. Furthor, spictra obtained 5-10 minutes
and 138-20 hours after mixing were identical showing the
reaction time is§éfinuno With varying amounts of
ZnIZ(THF)2 added, the change from Znit, to BtZnl is clearly

1 vana

seen in the infra-rod spectrum (Fig 6), as the 535 cm
gradually dGisapncars with the rise of the 507 cm.—1 band of
BtZnI. The stoichiometry of the mixing reaction is
confirmed by the solubility of ZnIZ.DME in a DME solution of
ZnEt2 (1.04). Addition of the cquivalsnt amount of halide
gives a solution 2.01M, while if 25% excess ZnI2GDME is
used, not all disscolves and this solution is 1.99M. Both
solutions have icdentical spectra. Thus the rcaction is,
Zn12 + ZnBt, Bﬁ% 2 EtZnI. This is in contrast to the
analogous magnesium systems wher: '"insoluble' magnzisium



Table 24

Solutions of

Tetrahydrofuran

InTra-Red Spectra (14-240) of
/

ZnEt2 s 1.06M 535 s
+ Zn0129 1.90M, 515 sbr 607
+ ZnBrz, 2,06, 511 s 606
+ Zn12 s 2.14M, 507 s 605
BtZnI , 1.92, 505 s 6C0
anV[e2 s L.72M, 487 m 547 s
+;mny Jo 30M, 536 s
+ ZnBr29 Do [1M 531 s
+ ZnI2 , 5.20M, 528 s
BtZnI 2. 631, 530 s
1,2-Dimethoxyethans
Znht, 1. 04 512 sh 539 s
+ Zan2 1.961 506 s 511w 543 s
+ ZnI2 2,01 503 s 510 w 542 s
BtZnI 1.61IM 501 s 510 w 539 s

)

R .Zn + 7ZnX,
[t z

610 s 660
660

6]

9}

[#2]

664
670

579 sbr

582 W
584
580

626
£38 s 670
668

668

6338 s

518 w 638

W 608

568

568 609

[#3]

w
568
568

sh 607

oo
[



FIG b Changes in the V{Zn—C)Band for the Exchange Reaction,
ZnEt,+ Znl, 5 2EtZnl,

Curve A=A B-B,C-C,DD, E-E,F-F,
Ratio Znlmixt /[Z“]orig- O | 135, b5 | 165 20 EZnl.

(Zl'\ E.Tzsb\ f\.)

VN

22 Wwavelength(microns
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A .
/ F
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halides dissolve considerably in both magnesium dialkyl (36)

and Grignard solutions.

2.4. Organo-magncsium Solutions.

Few studics have been reported of organo-magnesium
compounds. Tarly infra-red work (89) (10,000-700 en™) on
Grignard recagents in ether showcd two bands not found in
the solvent spoctrum which were later attributed to Mg-Br
stretches (90). Recently (88) more cxtensive solution
studies of the C-0-C deformation rcgion of szveral ethers
assigned these and cother Dbands to solvent frecquencies
shifted by strong co-ordination. Skceletal frequencies have
not becn assigned cxcept for magncsium—cafbon vibrations
(91). Prcvious Raman work was hindered by the fluorcscence
and cloudiness of the solutions examincd (92) (88a).

Raman data (2C0-1000 cmfl) for various solutions, 2-4M,
ar¢ given in Tablc 25. The strong, somctimes broad; band
ca. 500 cm™t observed in cach spectrum is assigned to a
magne sium-carbon stretching vibration, Tables 26, The
infra-recd frequcncics (91) were obtained for dilute
solutions 0.15~0.3M but were shown not to chenge over a L to

8-fold range of concentrations.
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Table 25 Raman Spcctra (200-1000 cm ) of Organo-magncsium

Solutions me“ll

Dictayl “ther

Tetrahydrofuran

Solvent (StMgl | 2tMgBr MgEt2 PrnMgCI Solvent| BtMgBr MgEt2
238w 228s 2398 240m 21,.6m
202vw | 294 vw 303w 282vw
367m
372w 374w
L12m LO8wbr | 413s
438vs 439w | 440m [ 443m  435VsS
L.96w 4L86sbr| 484sbr 489 492s
495sh 515sbr| 4968 oo 521mbr
550m A8, vwbr
651w 678vwbn
768vw 782vw | 762m | 787w | 783m
8428 836s 835m 839s 838vs
, 850w
918sh 898m SOLm 904w 890vs
930m 923s 921s 919vs | 934m 9livs 915vvs | 917vvs
972m 958m 968vs Q6L W 971w
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Table 26 Magnosium-Carbon Strotching Frogusnceics (gnfl)

-

Dicthyl @Wther

MgZt, TDtMgI ®tMgBr PriMgCl MgMe. MeMgBr

Raman 515 4,86 L8 489 - -
495 494
infra-red (91) 512 - 508 - 525 520

Tetrahydrofuran

TtMgBr  MgTt McMgCl — MeMgBr  Mghe

2 2

Raman - 492 513 - - -
infra-rcd (91) 500 512 527 513 535

The infra-rcd and Raman valucs of the Mg-C stretching
frequency arc ncarly identical for magnesium dicthyl
solutions, thus showing that thce C-Mg-C angle is ncar
tetrahedral as also indicatcd by X-ray results (37b).
However, for Grignard solutions they do not coincide. The
valucs for 'BtMgBr' in THF diffcr only by 8 c:m—:L and the
band at 492-500 cm—l is assigned to the magnesium=-carbon
stretching mode of the monomcric BtMgBr spccizs deduc2d from
molecular weight measurcments (41). For tho dicthyl cthor
solution, the dificrence is greater (24 cm-l) but the data
do not distinguish between the two dimcric structurcs which

could occur at high concentrations (LO).



50

2 / \Mg/'Et / \ /
\\\ ///' \\\Et Et O//M \\\Bf/// \\\\Et

The bands at 367 and 410 cm—l obscrved Tor magnesium
cthyl sclutions can plausibly be assigned to magnesium-
oxygen stretehing modes but for Grignard solutions the bands

at 230-24,0 and 290-300 em™ ! which are not much affccted by
changc of halogcn, appsar rather low for such strongly
bonded systcms. Iio bands agsignable to magnesium-halogen
freguencies were obscrved. While Mg-Br-Mg or Mg-I-Mg bridge
vibrations may be cxpected to lic below 200 cm—l, the same
docs not apply to Mg-CG-Mg or Mpg-Br modes but thesc also
could not e deteeted. AExamination of MtMgBr and Bthigl

1 with the mercury 'green' line

sclutions from 100-270 cm
only showed bands at 242 and 231 cm—l respectively which had
bzen observed previously.

No detallcd assignment of dict iyl ether has been
published (93) (94) but the skelctal vibrations which are
modifiecd on complexing can be rcadlly identified. Infra-red
data (1150-700 cm_l) for concentrated solutions of BtZnl and
TtMgBr in dicthyl cther arc given in Table 27 (Fig 7) with
an assigmment fcllowing that of Joncs and wWood. A provious
study (88a) is incomplaote. Thoe Raman spectra show similar

featurcs in fthis region but in gencral the small shifts are
=



not resolved.
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Tablc 27 Infra-rcc Spectra (1150-700 cnfl) of Diethyl Ether

Solvent

1148
1112

1073
1041

1022

933
917

845
833
794

Vs

W

1148 m
1119 s
1090 w

Solutions of WtMgl and BtZnl (Cm—l)o

ntZnIl

1149 s
1109 vs
1075 m

1042 vs

996 m
951 w
932 w
917 w
903
IR
831 m
791 shy

778 s)

Assignment

COC asym.

strctch

EtMIa, (ethyl group)

vibrations

COC symi.

stretch

C-C stretching

vibrations

Bands associated with co-ordinated 2t20 molecules arc

underlined.
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Unlike the orgeno-zince system where structural
ccnclusions can be rcoched, the vibrational spectra of
organo-magne sium compounds present no clzar picturc. In
particular, the coincidcnece of \ésym(Mg - C) and
'Osym(Mg - C) in magnesium dicthyl spectra ronders any study
of the magnesium-carbon bands abortive if structaral
conclusions grc dcsircd. Thus, other physical techniques
may be requircd if more ccrtain information about the nature

of Grignard solutions is to be obtaincd.
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3, EXPERIMENTAL.

3.1l. General

Unless stated ctherwise, 211 menipulations of these
water and, in many cases, oxygen sensitive systems were
carricd out under dried 'oxygen-free' nitrogen. Whenever
posegible, solutions were handlced in containers fitted with
"Suba-scals' and transferred using capillary tubing under
differential nitrogen pressure. The neat zinc alkyls wers
handléd using a conventional high-vacuum system fitted with
a mercury diffusicn pump. All socolvents and liguid reagents
were dried cover Linde 33 molocular sisves or wherc
necessary, by distillation from sodium or lithium aluminium
hydride.,

Melting points were determined using a Kofler hot-stage
block. Zinc analysis was by the conventional EDTA method;
for solutions, & sample (1,0 or 2.0 ml) was withdrawn using
2 syringe anl aftcr hyCrolysis with dilutc nitric acild,

titrated in the 2suval way.

3.2. Dimethylzinc end Dicthylzinc. (14)

The zinc-copper couple containing 6-9% copper was
prepared by adding clsan brass filings (25 gm) to molten
zine (170 gm) and casting the alloy into bars. Thesc were

turned into finc shavings which werc then stored in a
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stoppered bottle.

Dimethylzine. (95) (19)

Methyl iodide (1 mole) with ethyl acctate (2 ml) was
added to zine turnings (140 gm. 8% Cu) and the mixture
refluxed for 18-20 hours over a watcr bath at 60°C. The
flask was then cvacuated and after initial pumping to remove
any methyl iodidc remaining, the zinc dimethyl was distilled
off by slowly raising the tempcraturc of the oll-bath
surrounding the flask to 19OOC° The crude product was freced
from methyl iodide Ly rcfluxing over ¢Xcecss zinc-coppsr
turnings, the purity of the material being checked by its
proton rcsonance specetrum. In mest preparations, any methyl
iodide was £ 0.55 of the zinc dimethyl.

Diethylzinc. (96)

Bthyl iodide (1 mole) with cthyl acctate (2 ml) was
added to zinc turnings (140 gwe 8% Cu) in a flask fitted with
a paraffin scal. Aftcr 18-24 hours a glassy solid formed
and the flask was hoated at 60°C for onc hour to complc te
the rcection. The zinc diesthyl was isolatcd as gbove for
zinc dimcthyl and its purity checked by the proton n.m.r.
specetrum.  If necessary, the crude material was refluxed
over zinc-coppcr turnings until cthyl iodide was <L 0.5% of
the zinc diethyl.

Both zinc dimcthyl and zinc diethyl were stored in

bulbs fitted with grcaseless taps.
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Dialkylzinc Comploxg§AZnR2L2a

These were preparced by literature mcethods cither by

distilling the dialkylzinc onto the ligand and romoving the
cxcess by pumping to dryness (87) (80) or by mixing
soclutions of the ligand and dialkyl zinc and filtering off

the product (79) (80).

3.3. Alkylzinc Iodide ComplcXxes.

A sclution of cthylzine iodide was preparcd by slowly
adding ethyl iodide (15.6 gm) to zinc-coppcer turnings
(16 gm) in refluxing dicthyl cther (L0 ml). After four -u
hours the solution was cooled and ccntrifugecd, and then uscd
below (conc'n.ce.3.0 molar). A similar preparation using
methyl iodide (24.2 ml) and tetrahydrofuran (50 ml) zave a

methylzine iodide solution, conc'n.ca. 2.5 molar.

Todo(dipyridyl)methylzinc.,

Dipyridyl (1.95 gm, 0.0125 molc) in iso-pcntanc (80 ml)
was added to methylzine iodide in tetrshydrofuran (0.0125
mole., 5 ml). The Tinc light-yellow prccipitatc was
filtered off, washed with iso-pentanc and dried in vacuo.
Yield 75%, dec.> 240°C (Pound: 2Zn, 18.0%. CyqHy 1IN, 20
requires Zn, 18,0%).

Todo(dipyridyl)cthyl zinc.

A preparation analogous to that above using dipyridyl

(2.35 gm, 0.015 molc) and a solution (5 ml) of cthylzinc
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iodice (0.015 mole) in dicthyl cther gave an orange-yellow

compound. Yield 737, dec. 2,0°C (Found: Zn, 17.5%.
012h13 o%n requires Zn, 17.3%).

Todo bis{pyridinc)mcthyl zinc.

Pyridinc (2.5 ml) in benzcnce (10 ml) was addcd to a
tetrahydrofuran sclution (5 ml) of metlylzine iodide
(C.0125 molz). On 2dding hexane (60 ml) a whitc prccipitats
formcd which weas ©iltecrcd off, washed with iso-pentans and
dried in vacuo. Yicld 85%, dec™>110°C (Found: Zn, 18.05%.
CyqH;zIN,Zn reguires Zn, 17.9%).

11713
Iodo bis(pyridino)othyl zinc,

A similar prcparation to above gave an off-white
product precipitated from a light-yclleow solution. Yiold
72%, dec>> 100°C (Found: 2n, 17.5%. 012H15IN22n recguires
Zn, 17.2%).

Both pyridine complcxcs deccomposced on standing, the
'ethyl' complax becaning brown within 2-3 Cdays.

Iodo (1,2-dimcthonysithanc)methyl zine.

A solution (5 ml) of methylzine iodide {0.0125 mole.)
in tetrahydrofurran was mixed with 1,2-dimethoxyethanc
(20 ml) and tctrahydrofuran rcmoved by distillation. Hexanec
(80 ml) was addlcd and the whitc precipitate fomnced after
cooling th: mixtvre to <iOOC was filtcercd off, washcd with
iso-pentanc and dricd in vacuo. Yield 57%, dzc =>>60°C

(Found: 2Zn, 22.2%. C5H13IO Zn requaircs Zn, 22.0%).
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Todo (1,2-dimcthoxycthanc)ethylzince.

A similar proccdurc to that above gave a white product
which beccame brown if not driccd as quickly as possible. The
‘ . e o , 0
best preparation gave, ¥icld 47%, dec > 60°C, (Found:

Zn, 23.6%. Cgl 510,20 roquires Zn, 21.0%).

15
Todo(N, N, N' N =tectremethyl-1, 2-diamincethanc )methylzinc,

sl -1

Tetramethylothylsne Giamine (10 ml) was added

[zl

o a

tetrahydrofuren solution (5 ml) of methylzince icdice h
(0.0125 molze) and the mixture dilutcd with hoxanc (80 ml).
The prccipitate was filtered off, washed with isc-pentanc
and dricd in vacuo. The product was whitc nccdles, yiclc
80%, m. pt. 128°C (¥ound: Zn, 19.8%, C,HygIN,2n rogaires
Zn, 20.2%).

Todo(N,N,N' ,N'—tctrame thyl-1,2~-diaminocthane)cthylzine.

An analogous preparation to that above gave white
necdles, yicld 779, m. pt. 106-7°C (Found: 2n, 19.55.
CgHyq IN,Zn requires Zn, 19. 6%) .

3.4, Zinc Hallide ComplieXoSs

Intcrest in zinc halide complexes has contred on those
with nitrogen or phosphorus ligands (82) (97). In this
work, sevcral cthor complexas have been preparcd and theilr

N (Zn - X) fregucncics are given in Table 28.

Dich}oro(tetrahvdrofuran)zinc.

Zinc chloride (GPR) was rccrystalliscd from



tetrahydrofuran and the precipitate filtered off, washod
with ies-pcntanc and dricd in vacuo to constant wcight. The
product is white nocdldes, m. pto 98-100°C (Found: Zn, 31.2%.
CAHSCIZOZn reguires Zn, 31.L%).

| o . s . o
Table 28 Zine-Halogen Stretching Froquencics (em —) of some

Zinc Halid¢e-3ther CompliXes.

ZnXZ.compleXn 21012.THF, ZnBrZ.THFg ZnClZ.DM’-By ZnBr . D3,

Vizn - XR) 335, oL8 , 258 , 306, 300 , 238 :

Dibromo(tctrahydroiuran)zine,

A proccecdurs similar to above gave whit: ncecdles; m. pt.

126-8°C, (Found: Zn, 22.05%. G HgBr,0Zn roquires Zn,

L 2

22.0%) .

Di-iodo bis(tectrehydrofuran)zinc.

Todine (12.7 gm, 0.C5 mole) in tetrahydrofuran (100 ml)
was slowly adcled to zine dust (5 gm) in refluxing
tetrahydrofuran (30 ml). The mixturc was refluxcd for four
hours to give a groen-yellow solution which affter filtering
through paper, was pourcd intc herxanc (300 ml). The brown
preccipitate was filtered off, washcod white with hoxane
(4 x 100 ml) ané Cricd in vecuo to constant wecight; m. pt.
108-110% (ref. (98), 130°C) (Found: 7n, 1k.1%.

08H161202Zn roquircs Zn, 1h4.1%).
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Dichloro(l,2-dimcthoxycthanc)zinc,

Dichloro(tetrahydrofuran)zine was dissolvad in e@xcess
dimzcthoxycthanc., After refluxing for 10 minutes, the
solution was pourcd into hexanc and the mixturce cocled. The
white precipitate was filtered off, and dricd in vacuo;

m. pt. 89~90°C (Found: Zn, 29.15%. C,HyoCL,0,%n requires
Zn, 28.9%).

Dibromo(l,2~dim:thoxycthane)zinc.

A preparation anslogous to that avove gave & white
product; m. pt. 115-6°C (ref. (79a) 103-5°) (FPound:
Zn, 21.0%. GquoBPQOQZn requires Zn, 20.7%).
Di-iodo(l,2-dimethoxyethene )zine,

The same procedurc as above gave a brown precipitate
which afforded a whitc product on washing with iso-pentanc;

m. pt. 150-1°C (Found: Zn, 16.1%. GAHlOIQO Zn requircs

2
Zn, 16.0%5).

3.5, Infra-ved Spoctral Studics.

Infre~-rcd spocetra were mecasurcd using a Grubu-Parsons
Spectromaster instrument. The calibration was rogularly
checked by obscrving the spectrum of 1,2,4-trichlorobenzens
3 e 108 1 T -1 = o q a :
and frzguencics cuoted arc - 1 cm cxecpt for broad bands.
Solid compounds weore cxeamined as Nujol mulls botween
potassium bromide platecs but conventional scolution cclls

proved uscless for the highly reactive alkylzince sclutions
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studied here. ©or this purposce, a fixcd-path length coll
which could be dricd and filled under nitrogen was made
(Fig. 8a). Fer infre-rcd spcetra were measurcd using a
Grubb-Parsons DM-2 instrument at University College, London.

Dialkylzine Solutions.

Dialkylzince sclutions wore prepared using a glass bulb
fitted with a brocek-scal (Fig. 8b). The apparatus, attach:d
to the vacuum-linc at a, was pumpcd out for 2 hours and
"flemed' several times. The requisitc quantitics of
dialkylzinc ané scolvent (thoroughly dricd and degassed)

sufficient to give a 1-2 molar scolution (20-30 ml), werc

distilled into the bulb which was then scalcd at b, the
mixture being frozcen in liquid nitrcgen. The break-scal c
was then broken while the volume under the Suba-scal was
flushed out with & strcam of nitrogen. Scluticons preparcd
were of dicthylzinc in dicthyl ether, dioxan,
tctrahydrofuran, and 1l,2-dimethoxysthanc and of dimethylzinc
in the last two sclvants.

Gthylzinc Todide Scolutions.

Zinc-copper turnings (3 gm) in & test-tube fitted with
a Suba-scal and thwn flushed cut with nitrogen, were troated
with cthyl icdide (3.2 ml) containing & tracce of ethyl
acctate. The whitc solid formed after 18-20 hours wes
dissolved in totrahydrofuran or 1,2-dimethoxyethans (10 ml).

The solution was contrifuged and the clear supcrnatant
(o]
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liquid trunsferrcd tc a storage vesscl. The dicthyl cther
solution mecasurcd wes that preparcd below for Reman
examinaticn. The Roman tubce was broken opcn in an
atmosphere of carvton dioxicde and the solution pourcd into o

with o Suba-szal.

[ @]
s

semple bettle which was then ceopope

Methylzine Todidc Solutions.

Te trahycrofurar and 1,2-dimethoxyethane solutions wers
prepared, For the latter, methyl icdide (14.2 gm) T
containing cthyl acetate (0.5 ml) was added to zinc-copper
turnings (14 zm) in refluxing dimethoxycthan:s (60 ml).

After 18 hours, the cocled sclution was centrifuged and the
clear liquid trensicrrcd to a flask closed with a Suba-scal.
A solution in tetrahydrcfuran (40 ml) was preparcé by the
same method.

Mixing Txperimeats.

A sclution (5 ml) with o known concentraticn of
dicthylzinc or dimcthylzince was added to an cguimolar
guantity of the zince halide complex in a sample bottle
flushed out with nitrcgen. After shaking clcar sclutions
were usually obitained but in som: cascs, material romeincd

401

undissclved and this was removed by contrifuging The mixturs.

o

The mixed solution cbtaincd was re-analysed for zinc and,
assuming only & snell incercase in veolume occurrcd, the ratio
zny_ . ’Hﬂ . was taken to indicate the amount of

{!]nuxcd/,% original "7 - -

added zine halila present.

6
i
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The solution ccll was £illcd with nitrogen by first
gvacuating it ant then flushing with a strcam of nitrogen;
this being repcated several timzs. After usc, the c2ll wes
washed out un itrcgen with the reoaction scolvent and then
2thecr, and finelly dricd with a hct-air blowor. The
solvents ussd gradually cissolved the 'optical Araldite!
which held varicus componcnis togzther and the ccll became

unusable cfter 10-12 spectra had bzon mesasured.

3.6, Raman Spcctral Studics.

The Reman cffect has not beccone a gencral rescarch
technigque like infra-red abscorption speccirometry but the
recent introduction of rcccerding instrumente has prompted
rencwed intercst in this ficld (100). Howsver, at proscnt,

the more complox precodure and the more restrictive sample

|8%)

criteria arce likely to provent the routine use of Raman
spectrometry. For this work, as well as the usual
restrictions on concentration and cclovr found with aqucous
soluticns, varticular attention was also given to reducing
cloudiness and fluorcsccence. This was done by carrying cut
all reactions in vocuo as moderately as pessible. The Raman
spectra wer> moasurcd using a Cary 81 instrument at Kings
College, London, and polarisation measurcments wers made
using calibrated Poclarcid filtcrs. The calibraticn of the

instrument was checked by either running over the cexciting



line or by obscrving the positicn of the intense polarised

band of carbon tctrachlceride at 459 Cm—l° Axcopt for broad

bands peak positions were T 2 em .

Dialkylzinc Soluticns,

Apparatus uscC 1s shown in Fig. 9a. The Raman tube,
capaclity 5-6 ml., was attached to a trap tc prevent
centamination of the sclutions by silicone greasc.
Calibrated scaled tubing was uscd to msoke tap-bulbs and
contalncrs from wilch known velumes of liguid could be
distilled. Sclvents were degassad and drisd over SE
molccular sicves (hexanc, dicthyl other) or lithium
tetrahydroaluminete (tetrahydrofuran, dimethoxycthanc).
The Raman tubc was pumpced out for scveral hours and £lsmad
several ftimes. Hnown volumecsg of sclvent and dielkylzinc
sufficient to give solutions 2-3 molar in zinc, wore
distilled intc the tubce which was scalod with the mixture
cooled in liquid nltrogen. On shaking to give a homogenous
solution, no volumc chenge was obscrved and thus the total
volume was taken tc be the sum of the volumes of the two
consyituenis,

Bthylzinc Todilc-Dicthyl Bther Solutlon.

Zinc-coppor tumings (2 gm) and a magnaot 'Tollower!

shown in Fig. 9b, by a side-arm which was thon scaled at a.

The apparatus was attached to the vocuum line at A and
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pumpcd cut ovazrnight, becing flemed scveral times. Bthyl
iodide (3.06 pm) with a trace of ethyl acctatc was then
distilled onto the zinc turnings and the apparatus was
scaled at b. Aftecr 1 day at rcom temp:raturs, a clear,
glassy solid had formed with no liquid remaining unrcacted.
The apparatus was pumped out at B for scveral hours and the
brecak-seal ¢ then broken. The solid product was pumped at
room temperaturc to rimove any unrcacted ethyl iodide, then
dissclved in dicthyl cther (6 ml) and the apuaratus scaled
at d. The clear soluticn was filtercd through the No 4
sintercd glass platc into the Raman tubs, which was then
sealed at ¢ with the solution coolcd in ice-water.

Scveral attempts were made to carry out an ecguivaloent
preparation of a methylzine iodide solution using various
types of zinc-coppcr couple but all proved unsucccessful.

Bthylmagncsium Bromide-Piethyl Bther Solution.

The cpparatus uscd is shewn in Fig. 10a. Magnesium
(0.72 gm) with a megnot 'follower' was introduccd into the
rcacticn bulb through a which was then seelcd. The
apparatus was pumpced out overnight and flomod scveral timos,
the sintercd gless plate heoing heated for a considerable
time. Dicthyl cther (5 ml), d:gasscd anl dricd over 33
moleccular sicves, was distilled into the bulb. This was
followed by a mixture of cthyl bromide (2.18 gm) in diethyl

ethzr (1.0 ml) in scveral (ca. 10) portions. Reaction began
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immediately and was moderated by rapid stirring and cooling
the regction bulb in melting ice. The resaction was allowed
to sub side before further material was added and total
addition required 1-1% hours. The rzaction mixture was
allowed to warm 4o room temperature over a period of two
hours and the apraratus was then sealed at b with the bulb
cooled in liguid nitrogen. After leaving overnight, the
solution was filtered into the Raman tube which was sealed
at ¢ while cooled in an ice-salt mixture.

Ethylmagnesium Todide-Diethyl %ther Solution.

This was prepared in a like manner to the experiment
above using ethyl iodide (3.12 gm). The reaction was
slightly more vigorous but a nearly colourless solution was
oObtained.

n-Propylmagnesium Chloride~Diethyl Bther Solution.

This solution was obtained using n~-propyl chlorice
(1.57 gm). The mixture was much less active than above and
reaction only began after the bulb had been warmed with a
hot-air blower. Once initiated, reaction was vigorous but a
completely clear and colourless solution was produced. which
was viscous anc could only we filterecd by diluting the .
portion of the solution above the sintered glass plate, with
diethyl ether distilled from the remainder of the solution.

Several preparations of a diethyl ether solution of

methylmagnesiuvm iodide were tried but even when the reaction



mixture was cooled in dry—ice/alcohol at - 2500 reaaction was
too vigorous and a yellow solution was always obtained.
Gthylmagnesium Bromide-Te trahydrofuran Solution.

This solution was prepared by the general procedure
described above. Reactlon was more vigorous than in the
diethyl ether experiment, and when complete, a white
vrecipitate had formed which was only dissolved by addition
of further tetrahydrofuran (3 ml). After filtering into the
Raman tube, the solution was concentrated to a 5-6 ml.
volume and the Raman tube then sealed as usual.

The analogous procedure to obtain a tetrahydrofuran
soluti.n of ethylmagnesium iodide afforded at each attempt,
a white or yellow solid which completely filled the reaction

bulb and could not be dissolved.

Diethylmagnesiuvm-Diethyl Tther Solution.

The apparatus used 1s shown in Fig. 10b. Diethyl=-
me rcury (0.13 gm) in diethyl ether (2 ml) was poured onto
the 3& molecular sieves in bulb A which was then sealed at
a. After two wezks, the ampoule was joined to the main
apparatus B, after magnesium (1.0 gm) and a magnet
'follower' had been introduced into the rsaction bulb. The
apparatus was puiiped out overnight and flamed several times.
Ether (15 ml) wreviously dried and degassed, was distilled
onto the magnesium and the apparatus sealed at b. The

breakseal I was broken and most of the diethylmercury



solution distilled into the reaction bulb. After removing A
by sealing at c; the apparatus was left for 2 wesks., Then,
after pumnping at 4 for two hours, the break-seal II was
broken, the solution evaporated to dryness and the residue
pumped ror 1 hour to remove any unreacted diethylmercury.
Bther (6 ml) was then distilled onto the white solid and the
apparatus sealed at e. The solution was filtered into the
Raman tube which, cooled in an ice-salt mixture was scaled
at 1.

Diethylmagnesiun~Tetrahydrofuran Solution.

This was prepared as described above. On evaporation
of the initial solution, a thick syrup was obtained which

did not solidify even after pumping for one hour.
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FIG |10a
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4. CALCULATIONS USING AN XY, MODEL.

2
The eqguations for the normal frequencies of an XY2

molecule derivecd using a valency-force field, have bheen

given by Herzberg (101).

o
Feu

Kl stretching force constant

it 1

Y Y Kg bending
'01 symme tric stretch,‘02 deformation4'03 asymme tric
stretching frecuvencles.,

For these celewlations, the various constants were
compounded to give Kl = klA/Eﬂzmy, where_ A is the factor . »
needed to convert c/s to cmfle, and for the bent molecule,

it was assumesd kg/d2 = 0,1 kln In the general case,

o £ 90°, the eanations are,

2 1 2 my
'\%? + \%2 = Kl 1 + --—focos%x + 0.2 Kl 1 + ————.sin%x
my; m,
x
N2 2V 2 > 2 My
-2 2 s R
1 2 1 .
My
2 my - "
'Cg2 = k31 + -3 sin®
m

X
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For a linear molecule, A= 900, the cguations becoms,

>
VT o= Ky
2 m.
V2. 0,2 KA1 4 ——-Y
o 1
My

RVSIES S A i
s
A value Tor Kl was obtained using the Raman valuz of
the symmetric stretching frequency of the linear molzscule.
For Zme,, Y = 504 cmL, <, = (504)°. Using my = Zn = 65,
m = OH3 = 15,‘1)3 (calc'd.) = 609 em™ ! which compares with

a’ Vs (expt'l.) of 615 e,

3

A similar calculation for ZnE‘t2 did not give such good

agrecment and only ths ZnMe2 case vas studied further.

To simulate the obszrved Zn - C stretching freguencies,
values of'Ql and'ﬂ% were calculated for chance in 2o,
increase in m_ and decrease in Klu Calculation of.Y% is

P
straightforward, but to avoid assuming a value of 'V s Tthe
o " : RN : \)2 2 1 as i
final gquadratic zguation in ( 1 )° was solved each time.
The results for vaerious combinations of these effects are

given by Graphs A-F.

2 This accounts for the bending of the molecule on
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co-ordination i.e. a chanzc from sp to sz or Sp3
hybridisation. The ratio \)3/\)1 bvecomes 1.0 when
oot = 1009 - 9OO, regardless of any other changes, but
;2_—(\71 +\)3) is nearly independent of angle change, giving
support for the use of this quantity as a characteristic
zinc-methyl stretching freguency.

Kl A decrease represents a weakening of the Zn-C bond
on complex formation. This change can have no effect on
\)3/\91 but accounts for much of the variation in %(\)3 + \)l)a

m An increcase in M takes account of the attachment
of ligands to the ccntral atom which will appear to incrzase
its mass. Both \)5/\71 and %(\73 + \)1) are affected by this

change; 1if my = o0 then \)_3/\)1 = 1 for all values of .
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Dimethylzinc-Tetrahydrofuran Solution.

\%.cm—la \% em™ L. %(Vg + \H) \%/VE
m_ |x 140°]130°| 120° 12.0°]130°|120°
75 0.90(490 | L96 | 503 | 556 | 553 |545 | 524 1,14-1.08
85(0.90|487 | 452 | 498 | 548 [543 |537 | 518 1.13-1.08
100]0.95|500 | 505 | 512 | 552 | 548 |54k | 527 1.10-1.07
120|0.95|499 | 502 | 507 | 543 | 539 |535 | 521 1.09-1.06
axpt' 1. 493 547 520 1,11

Verious combinations of m, and X (K1 = x(504)2) give
values'ol,‘VB, %(Vl + Vg) and \%/\ﬁ which agree well with
the experimentsal reesults. The acove calculations use
gseveral likely valucs for m, and x and no spceific choice
can b2 made. A ‘ligand mass' of 20-24 was used by Jones and
Wood (94) in their calculations of freguencies for AlC1,L

systems.
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Dimethyl(dipyridyl)zinc.

X-ray studies of ZnCl,py, (102) and 7ZnCl,o-phen (103)

2
sfford values of ClZnCl of 126° and 115° PGSPeCtiVely°

Here, the C - Zn - C angle is given a value of lBOo—llOoo

L -1 i
\Jl em . \)5 e . ;(Yg + YE)‘{%/YE

m_ | x 130°|120° |110°[ 130°] 120°|110°

3510.8C|46L |469 |476 [512 | 506 |501 | 488 1.10-1.05
14010.85 474 {478 481 | 504 {501 |497 | 489 1.07-1.03
18010.851472 474 |478 | 495 | 493 | 490 | 484 1.05-1.0C3
220{0.90( 484 |486 |489 | 504 | 502 499 | 494 1,04-1.02
Bxpt'l. 165 510 188 1.10

Although calculated values of *59‘059 %(01 + \g) and
Qg/vl can be ovtained which are nzar the experimental
results; the varameters necessary arc somewhat less probable
than in the »revious exeample. The best £it requires a low
force constant (Kl = 0980(504)2)9 while other calculations
use values of m_ which result in incorrect estimates of the

ratio'wg/\%j




The agreement betwecn the obszrved data and the values

calculated using this approximate XY, model, for the

2
ZnMe2 - THE system supporis the earlier surpgestion that the
7n-0 bona is weak and that no considerable interaction
occurs between Zn-C and Zn-0 vibrations. TFor ZnMe2ndipy

only general agrecement is found and the approximation used

will be unsuitable for a more sirongly bondecd system.
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PART II

5. INTRODUCTION

5.1. General Concepts (104) (105)

A nucleus with a spin, I> 0, has a magnetic moment .,
and when placed in a magnetic field, Ho’ its ground state is
- split into (2I + 1) nuclear spin energy levels,

E = —uHO, ~(I - l)/I,uHO, ----- , +(I - l)/I4LHO, HRH . For
nuclei with I = %, the two spin states are designated by

«(I = +%) and g(I = -%), and for the transition a&—B, the

frequency V of the radiation required is given by,

-~ ) = H
-7 ;|; J"'o( H 0
-

<! AE
\-—L—' ;EJB = —HHO
field = O field = H_
AE = hv = 2pH (1)

Since the magnetic moment and nuclear angular
momentum (Th/2v7) act as parallel vectors, the two are

combined, to give,

M=y (Ih/2m), (2)



where~{, the magnetogyric (or gyromagnetic) ratio is a

constant for a particular nucleus. Hence, for nuclei with

The external magnetic field Ho’ induces electron motion
about the nucleus which thus experiences a secondary
magnetic field proportional to but opposing the applied
field. Thus,

Hucleus :'Ho(l'—cr)’ (4)
where® , the screening (or shielding) constant varies with
the environment of the nucleus. Since the resonance
frequency of a bare nucleus cannot normally be determined,
relative chemical shifts are measured, common reference
compounds being Si(CH3)4 or (CHB)BCOH (1H spectra) and
CFBCOUH or CClBF (19F spectra). ‘To avoid the dependence on
HO, the chemical shift is usually reported as the
dimensionless parameter,

- @

) /H x 10° p.p.m. (5)

unk Href ref”’

Many molecules have n.m.r, spectra with fine structure
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due to interactions between magnetically non-gcquivalent
nuclei. It was proposed (106) that the interaction which is
independent of the applied field, is proportional to the
product of the nuclear moments. The interaction energy,
Eyvy between two such nuclei, A and X, is (107)

I, I (6)

Epy = B Iy Iy Iy

where J, the coupling constant measured in c/sec., is given

by,

Tax = Kax YaYy 0/, (7)
where KAX is dependent on the molecular system studied. For
a set of n, nuclei, type A, and Dy nuclei, type X, when
SAXI<§ Jpx» the A signal has 2 ny Iy + 1 components and the
X signal 2 n, IA + 1 components. This is a 'first order'
spectrum where the relative intensities within each group
are given by the corresponding binomi a.l coefficients. When
SAXVN'JAX’ more lines appear due to 'second order'
splittings and analysis of the spectrum by inspection
becomes impossible (108). By convention, the coupling is
positive when the anti-parallel nuclear alignment is more

stable than the parallel one.
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5.2. The Proton Resonance Spectra of Organomercury Compounds

Many heavy metals have isotopes with spin I = %, and
their alkyl and aryl derivatives have lH n.m.r. spectra
which show large spin-spin splittings. DMercury has several
isotopes but only one, 199Hg (I = 3%, 16.86% abundant),
produces large spin-spin splittings in the n.m.r. spectra of
organomercury compounds, usually secen as 'satellites' by the
side of the main peaks due to species containing the other
mercury isotopes. Although not as convenient to study as
the equivalent thallium systems, 0279571 (T = 1, 100%
abundent) (109) (110), a large number of mercury compounds

have been studied. The chemical shifts of these alkyls and

aryls are as expected for the unsubstituted hydrocarbons.

5.3. The Mechanism of Spin Coupling

A successful theory for nuclear spin coupling was first
developed by Ramsey (111). In the case of a molecular
system undergoing multiple collisions in a magnetic field,
the Hamiltonian for the nuclear spin interactions may be
written as,

H=H +H,+H (8)

1 5"

H This is the nuclear spin-electron orbital term which is



the Hamiltonian used in screening constant calculations.
The magnitude of this coupling is related to the anisotropy
of the screening constant, Do = (G - o) (112). With

lH - lH coupling, J(l) igs usually negligible, but for

lH - 19F and 19F -~ 19F coupling this mechanism can make a
significant 'through space' contribution (112), but as most
coupling constant calculations are only approximate, the

(1)

small value of J is usually ignored.

H2 This is the nuclear spin - electron spin term which
describes the classical dipole-dipolc interactions between
the nuclear and electron magnetic moments. Although for
proton systcms, this mechanism is unimportant since it
depends on angular dependent atomic orbitals (e.g. p, 4, f,),
it can makce a contribution to coupling between atoms which
use thege orbitals in bonding, e.g. fluorine-19 and
carbon-1%. (104),.

H This is a non-classical nuclcar spin - electron spin

3

interaction term first introduced by Fermi (113) to account
for the hyperfine structurc in O state atomic spectra.
Since the interaction is proportional to the electron
density at the nucleus, this 'Fermi contact' mechanism can
only operate using electrons in bonding orbitals with some
S character and as it is a two electron term, by the
chemical bonds. For hydrogen with a 1s valency orbital,

spin coupling occurs almost entirely by this mechanism.
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The interaction cnergy, ENN" between two nuclei N and

N' is given by (111),

z B = - 7 (5, - Eorl@/H/n)@/H@ (9

v W n £ 0

where H is the Hamiltonian discussed above. The majority of
calculations have used the average energy approximation

(114) to obtain,

By = - E"l<é/H2/§>, (10)

followed by evaluation of the integral over the ground state
wave function. There is no unique way of estimating the
mean singlet-triplet excitation energy and this is an
important error in all coupling constant calculations.
Accurate wave functions are known for the hydrogen
molecule and thess werc used by Ramsey to obtain for

HD (111),

J§g> = 55.8/0% c/sec. , (11)
with similar exyressions for J(g) and J(1>0 A valuce of

1.4 Rydverg for AX gave Jég> = 40 c/sec., J§%>e~J5 c/sec.
and J§%>j57005 c/sec. to give in total the observed



coupling of #43.5 I c/sec. For all other systems, the
ground state wave function must be approximated by molecular
orbital (MO) or valence bond (VE) models.

The molecular orbital method was used by lcConnell
(115) and Gutowsky and Williams (116) for a general
treatment of 1H - 1m, 18 - 197, ana 197 - 197 coupling
constants. The method requires a large aumber of 5
approximations but the Ferml contact term was shown to
predominate. However, predictions that all coupling
constants have the same sign with no attenuation with
increasing distance are at odds with experiment. Recently,
Popls and Santrv (717) bhave shown that MO theory can lead to
ezupting constants of either sign 1f proper account is taken
of the relative energy levels.

The valence bond approach, developed by Karplus (118)-
(122) has proved more useful, particularly for Iy 1y
interactions. Although J(l) and J(z) have been calculated
by this approach (118), considerable cffort is necessary,
and attention has centred on the Fermi contact term. If the

ground state wave function of the mclecular systen, X~ 7Y,

is represcented by,

" Yo 20 %y (12)
3
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where Cj are the coefficients of the canonical structures
’W%, then the Fermi contact interaction between X and Y is

given by,
7530 = ABE) Y, Yy 47(0) 2,0 T, (13)

wherc A is a numerical constant, ¢2X(O)[§§Y(Oi] is the
density of the valency electron at the nucleus X[ﬁ] and I is
a summation depending on the number and cocfficients of the
canonical forms used.
For protons Qﬁ (0) =°¢2 (0), and the contact term
K H Is ’

becones,

5
1.395 x 10°.F
EAE - il : (14)

Using this cquation, the VB method has beecn applied to
H-C-H (119) (120) and H-C-C-H (121) (122) with some success
but in certain cases the sign of the coupling constant

predicted has becn incorrect. However, most calculations
1

support a 'through bond' Fermi contact mechanism for lH - “H
coupling.
The few VB calculations for *H - 9% and 197 - 9

lH - lH formulae for the

systems (121) (123) have uscd the
same structure with the assumptions that F is unchanged by

the replacement of TH by 9% ana that(bgF(O) “J2-5(b2H(O).



However, the wide variabion of “H - 19F and 1%F - 1%

coupling constants with molecular structure has led to the
proposal that 'through space' contributions may bc more
important in these sysbems (124) (125) (165).

1

Measurement of directly bonded 150 - “H coupling

constants shows that,
Joee = J_ & (15)

where agc is the s-character of the carbon hybrid orbital
~ Py e k) . - ol

described by~p, = accpzs + by Gy, (126) (127) and that for

substituted methanes an additive relation exists (128),

~ - o -

JCH(CHXYZ) = JCH(CHBX) + JCH(CHBY) + JCH(CHBZ)
-2 JCH(CH4). (16)

Both of these equations were later derived using a VB
approxination (129) and support a Fermi Contact mechanism.
Coupling through two bonds, 15C—C-—H, is also linear with

o
a“c (130) but 13C—C-—C—H constants present anomalies which
suggest a 'through space' term may be important (131) (132)
and that the use of J to obtain a2 values (133) may be

150—H c

unjustified (134).

Although a large number of hcavy metal-proton coupling
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constants have been reported (135), few theoretical studies
have been published. The simple additivity rule (eqn. 16)
does not describéggi - lH coupling constant variations for
substituted silanes (129) (136) and the usc of Jq,_ values
to assign S-character values to the Hn-Me bond in varicus
MenSnCl4_n systems would appear to have been premature (137)
(138). Similar deviations from the Malinowski additivity
rule have becen noted for L3¢ 19F’ 298i — (139),
17/109gy o, Y7/109%, ¢~ H (140) ana 3¢ - H (141)

coupling constants and an empirical equation has been

devised,
Tou(CHOE) = Joq(CHX) + Jou(CH5Y) + Jop(CH;E)
= 2 Jog(Cly) + Bxy + By *+ Bygzo (17

where Bxy is an empirical 'interaction parameter' constant
for X and Y and independent of Z. No derivation of this
equation has yet been published.

The X - H coupling constants for several ethyl
derivatives, 02H5X, have been reported but, unlike the
equivalent H - H coupling constants, INeCeg-g 27 I uo_g s With
opposite signs. This was first attributed to 'through
space' (142), orTi-clectron system (143) terms, but Klose

(144) showed, using the VB equations derived by Karplus for
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H - H coupling, that both the magnitudes and signs of the

M - H coupling constants could be predicted by the Fermi
contact mechanism with an appropriate choice of the exchange
integrals used in evaluating F. Several empirical
correlations of coupling constants with atomic number have
been suggested (145) (146) (147) which appear to provide

support for the Fermi contact mechanisn.
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6. RESULTS AND DISCUSSION.

6.1l. The Variation of the 199Hg - H Coupling Constants

in the Series, RgHg, RHgOAC.

Mercury (199) - proton coupling constants for a range
of R2Hg and RHgOAc species are given in Table 29. The
uniform increase in the magnitude of the coupling constants
is a general feature and, on the basis of the Fermi contact
interaction, this can be rationalised as due to changes at
the mercury atom.

The general expression (egn. (13), page 91) for the
Fermi contact term, in the case of 199Hg - H coupling

becomes,

JE{Q{ - 4AE7D) vy vy P (@) ¢2H(O> F. (18)

Using 'hydrogen like' wave functions,

“1e(® = 2515 $%ea (@) = (B 5 P (0 (19)

where agHg is the s-character of the mercury bonding hybrid
orbital, (0.5 and 1.0 for R,Hg and RHg' respectively) and
Zeff’ the effective nuclear charge, is calculated from

Zeff = (ZOZ)% where for mercury, Z2 = 80, is the real nuclear

charge and Z  is the 3later screened nuclear charge (148).



Table 29 The Variation of 199Hg -

lH Coupling Constants

(¢c/sec.) in the Series, R,oHg, RigOhc.
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Conditions Data are for CHC15(CDCl5) solutions except

(1) neat liquid (2) dioxan solution (3) RHgCl in CDCl

3

R H position J(RgHg) J(RHgOAC) JRHgOAc/JR2Hg
Methyl CH5 101.4 (1) = 212.4 b 2.1
Ethyl ~CH,, 87.6 c| 213.54 5.5

—CH5 115.2 296.9
Phenyl ortho 102.5 £ 1.3 ] 202.5 * 1.1 2.0

meta - 54 % 2

para - 16.2
Mesityl ortho—CH5 9.4 21.4 2.3

para—CH3 - 11.7

Vinyl trans 295.5 (1) ¢]658 (3) g

cis 159.6 3311 % 2 2.2

gem 128.5 299
neo- ~CH,, 94,0 £ 193.5 (2) ¢ 5.
-Pentyl —CH5 5.5 13.2
a K.A. Mclauchlan, D.H. Whiffen (150), b P.M. Ridout (151),
¢ P.T. Narasimhan, M.T. Rogers (142), & R.K. Stapledon (152),
e D.W. Moore, J.A. Happe (153), £ G. Singh (154),
g P.R. Wells, W. Kitching, R.F. Henzell (155).




For Hg®, Z_ = 4.35 and Hg', Z, = 4.70. On this basis,

o}

. e .
assuming AE and I remain constant, then,

) 3

-~ Z .
?5a@gi_5_9£223@5’: _ 2.25. (20)
aTRME (Zopp) 50

‘rHg’ _

JRgHg
The agrcement between the theoretical and experimental
values (Table 29) is good and seems to indicate that the
predominant contribution to all the spin coupling constants
is due to the Fermi contact term, particularly since the
dipole~dipole term decreases with increasing s-character,
becoming zero for pure s orbitals. However, this agreement
must not be taken too far as, for example, the bonding
orbital in RHgOAc will in no way approximate to the 6s
orbital required for RHg+, and also, possible changes in the
exchange integrals contributing to F are neglected.

In a semi-empirical spproach (149), Hatton, Schneider,
and Siebrand wrote the Fermi contact contribytion in terms

of the optical hyperfine structure (hfs) constants,

Cxﬁx:¢>2N(O), In the cage of 199Hg - H coupling,
(3) _ 12 w2
Tpgh = /2085 e, M HgQ(HS, (21)

where'q is the MO 'bond order' between the nuclei Hg and H

2 . . .
and a He 18 the fractional s-character of the mercury hybrid

g
orbital. Using,cng(656p) - 1.5 x 10™° ¢/sec. and
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Hg

) 10 .
X, + (6s) = 4.05 x 1077 c¢/sec., JRHg+/JR2Hg = 5.4, This is
a more probable ratio for the change R,Hg to RHg' but again

indicates that the Fermi contact interaction is predominant

for mercury (199) - proton coupling.

6.2. Arylmercuric Acetates

Mercury (199) - proton coupling constants for several
arylmercuric acetates are given in Table 3%0. The
mercury (199) - proton coupling constants decrease uniformly
for the ring protons in the phenyl system but alternate for
the methyl protons,of the tolyl derivatives. This
behaviour is qualitatively similar to the thallium (205) -
proton paramcters in the iso-structural RT12+ systems (110)
but these are 5-8 times larger. If the Fermi conbact term
predominates then, assuming AL and F are the same,
JT12+/JHg+ = 4.4, which is of the same order as the observed
ratios but 199Hg - H coupling constants show greater
relative attenuation with the increase in the number of
intervening bonds. This implies that F, which depends on a
number of exchange integrals may not remain constant even
for these very similar systems.

Further comparison can bec made with the equivalent
proton-proton parameters. In substituted benzenes, the
ortho-, meta-, and para- lH ~ lH coupling constants decrease

in the order 6 ~ 9, 1 - 3, and O -~ 1 c¢/sec. respectively
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- TABLE 30

Merc urx(IQQ)—Proton Coupling_Constants (g/sec.)
for ArHgOACc Species in CHCI(CDCly).

HgOAc HgOAc HgOAc -
CH |
3
202"' ©/ 2lo
CH
HgOAG HgOAC HgOAc
202 CHs Hy CH; CHg
97 CH,
CH, |
125 II7

HQOAc
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(156) (157), and similar values are obtained if the

199Hg ~ H coupling constants for PhHgOAc are divided by
~20, In mesitylene the ortho- and para- H - CH5 couplings
are 0.89 and 0.45 c/sec. respectively (158) which yields

the ratio, JHgH/JHH1~125Q Following Schneider and
Buckingham (159), both the¢ Fermi contact (J<5)) and dipole-
dipole (J(g)) contributions to 199Hg - 1 coupling constants
are given by,

2 -\ (2 ..\ |
g (-g@@.) (_.@_f.é) Yog Ve (22)
1 /g n/y Yg '

where n is the principal quantum number of the atom valency
orbital (6s for Hg, 1ls for H) and taking Jyg 1. By this
approach, JHgH/JHHFV 6 which indicates that the increased
mercury-proton coupling constants are in part due to the
greater effective nuclecar charge of mercury compared with
hydrogen.

In unsaturated systems, the possibility exists of the
nuclear spin interactions being transmittcd by cither the
localised elcctron pairs of the ¢-bond framework or the

delocalised [ ~clectron system. Hence JYY may be written,
Iy = Jyy(0) + Jyy (T (23)

McConnell (160) showed that for aromatic hydrocarbons,
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JHH/ (Tr) = —AQgA‘NN/ ’

where A is a numerical constant, Q is the hyperfine
interaction constant for the aromatic free radical andJLNN/
is an expression which describes the interaction between the
T~ electron spins on carbon atoms N and N/ directly bonded
to H and H/ respectively. The calculatedTi-systen
contribution to the ring proton coupling constants,

<:O°5 c/sec., is small but for mesitylene, the calculated
TM~electron H ~ CH3 coupling constants are in near agreement
with the observed values of JHH(CH3)°

Karplus (161) obtained a similar expression for long

range H - H coupling in olefines and acetylenes. Unlike
alkane systems where J(H - C = G~H ) ~100(CHz - C = C ~"),
in the unsaturated molecules, there is little attenuation of
Jyf with the number of intervening bonds, i.e.
J(H - C = Of\—H/)t’\JJ(CH3 -C = C“\’ﬁB. Since Q(H - ¢ ) ==

Q(CH5 -C ) but with opposite sign, Hoffman and Gronowitsz
(162) suggested that methyl substitution could be used to
determine the magnitude of theTr-electron contribution to
the transmission of long range spin coupling as this would
alter the sign but not the magnitude of Jyy (.

The application of this criterion to the phenylmercuric

acetate system is shown in Table 31. The regsults suggest

that like the corresponding H - H and T1 - H spin



Table 31 TheTi - ond o— Contributions to +27He —

102

18 Coupline

in Phenylmercuric Acetate.

H or CH5 ortho meta para
position
JHgH 202.5 54 16.2
JHgCH5 21.0 7.3 12.5
I (M) 9
_Tner'™ 10 13.5 | 76
JHgH(total)
I 9
c.f. G SN 10 14 50
JTlH(total)

for

PhT1°t (110).
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interactions, the mercury coupling to the ortho- and meta-
ring protons is transmitted mainly by theo -electrons of the
benzene ring. In contrast, transmission via thei -electrons
is important for the para-position, more so than for the

Rp1°t

system. Similarly, although coupling through one more
.o _ _on

bond is involved, JHg _ H(p OH5):> JHg _ H(m 0“5)

consistent with VB and MO calculations oftr-electron

contributions to H - H coupling in the benzene ring. For

mesitylene (158), Iy - ocH. = 0.89 c¢/sec.,

J - 0.45 c¢/sec. while J < 0.35 ¢/sec.

H - pOH, CH, - mCH,
gives a calculated value of< 0.29 c¢/sec. for Jg _ pop. In

these systems. The g -contribution to Jy _ H(meta) is
unusually large for a coupling through four bonds (156).

Similarly, J._ _ mH(G),f~'47 c/sec., is greater than any

Hg
Hg —-YH coupling counstant in alkylmercury derivatives.

Although very conformation dependent, the largest value for

dJ q is 22 c¢/sec. reported for sec-BuligX compounds

Hg -
(163).

©.%. 2-Thienylmercuric Chloride-Dioxan.

L. 3 The spectrum was assigned with the

aid of the general H - H coupling
constants (157) which are,

% 2 HgCl Joz = 4.9-5.8 c/sec., J,, = l.2-

1.7 c¢/sec., J y = 3.4-4.3 ¢c/sec.,

_ 5
and J25 = 3.2-%.7 c/sec.



Using the fine structure of the mercury (199) satellite
peaks, the Hg - H ccupling constants were found to be,
J = 69.2 ¢c/sec.

= 117.%, J = 25.2, and Jy

Hg - 2H Hg - 4H g - BH
As in the PhlgOAc system, the Hg - H coupling constants are
approximately 20 times the corresponding H - H values, but
greater relative attenuation with increasing number of bonds
is found comparced with Tl - H coupling constants in the

(2 - 04H38)2T1+ system. A detailed study of 3-furylmercuric
chloride has been reported (164). Here the coupling

ag = 7.9,

Hg - 5H = 27.9 c/sec., which are also 20 times greater than

constants are JHg _ oy = 404, J

J.

Hg -

the H - H couplings in substituted furans (157). Also the
ratio of the 2,% Hg - H coupling constants,
5 - JHg _ /0 - JHg _ g = 2.9, is similar to the ratio of

the corresponding H - H coupling constants.

6.4. Discussion

The resemblance found between the variation patterns of
Hg — H and H - H coupling constants, in particular the
agreement observed in the relative behaviour of the aryl
systems studied here, is a strong indication that similar
spin interaction mechanisms operate in both cases, i.e.
Hg - H coupling constants are dominated by the Fermi conteact
term. This is also supported by the agreement between the

theoretical and experimental values of JRHgOAC/JREng
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Similar arguments have been used to show tuat Tl - H
coupling occurs principally by the Ferml contact mechanism
(110). 1If JHg _ g values for RHgOAc compounds are divided
by ~nv 20, generally values ore obtained similar to the
equivalent H - H parameters in the unsubstituted
hydrocarbons. i#xceptions are the large values of JH

g - H

in 02H HgOAc and J in ViHgOAc, and an explanation

5 Hg - gend

like that proposed for the equivalent anomslous Tl - H
coupling counstants, nmay bce alsc invoked in this case.

A feature of Hg - H and Tl -~ H coupling constants which
is inconsistent with the Fermi conftact mechanism, is that
they increase when the compounds are studied dissclved in
co-ordinating media., Examples of this effect are given in
Tables 32-35.

Table 32 Jpy _ g velues (¢/sec.) for (CHE)BTl in various
Solvents (110)
CH2012 Me20 Me N

3
Table 3% JHg - H values (c/sec.) for several CHBHgX
Compounds
X = QAc Cl Br CN SCN

CHol5 (152 212.8 204, 4 198.1 192.0 189. 4
Py (149) 220.8 215.2 212.0 178,0 208.0



Table 34 JTl CE values® (c/sec.) for (CHB)ngClO4 in
varicus Sclvents

CHBCﬁ D,O0 leOH py Me,CO  en DMSO

dJd 412 413% 414 416 420 427 442

T1 - H(CH,)
Table 35 Jp, _ g values® (c/sec.) for (C,Hg),T1C10, in
various Solvents

CH,ON 1e,CO py MeOH D,0 DHSO en

5 2
dpy — H(CH,) 344 353 64 371 378 284 290
Ipq H(CH,) 624 631 640 644 634 633 659

a (166) see also (167)
Increasing co-ordination, with changes from 'sp' to 'dsp'
hybridisation schemes, should decrease thce degree of
s-character in the metal hybrid bonding orbital and with the
fermi contact mechanism, a fall in the M - H coupling
constant value should occur. Alternatively, greater
donation of electron density to the metal atom will lower
its effective nuclear charge thus a decrease in both J§22 H
and Jéaz g should be noticed., Both of these predictions are
inconsigstent with the experimental trends.

In this work, the solvent used was chloroform and thus
the mercury atom will be 2 co-ordinate with sp hybrids in
R2Hg species and with:>'50% s—character in the C-~Hg bond
opposite - OAc in RHgOAc compounds. Several complexes,
RHgXL, have been reported but they are ionised in methanol

and acetone solutions with a retention of 2 co-ordination in
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the RHgL ¥ ion (168). Thus, even in co-ordinating
solvents, the Hg-C bonds in RHgX-compoﬁnds will probably
have :>50% s—-character.

The co-ordination chemistry of thallium is less well
known. Recently several (I‘-iengL)ClO4 complexes (L is mono-
or bidentate) have been prepared (166). No molecular weight
solution measurements of the complexes have been reported
and thus the degree of co-ordination of the thallium atom is
uncertain. T1 - H coupling constants were given for systeus
where a linear C - T1 - C gkeleton was indicated from infra-
red and Raman results but this may be due to either sp or
spﬁd hybridisation.

Therefore, while the general resemblances of the trends
in T1 - H, and Hg - H coupling constants as compared with
the equivalent H - H parameters, suggest a predominant Fermi
contact term, the method of its operation with the more
complex mercury and thallium atoms and the possible greater
relative contributions of spin-orbital (J<l)) and dipole-
dipole (J(2>) terms in these heavy-metal systems will remain
subjects of controversy and investigation for some time to

come.
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7. EBXPERIMINTAL

7.1. General

Analyses were by the Microanalytical Laboratory,
Imperial College, and melting points were obtained using a
Gallenkamp apparatus. Proton magnetic resonance spectra
were measured on a Varian V4311 spectrometer at
56,45 Mc/sec., using concentrated (20-30%) or saturated
solutions in chloroform (alcohol frece) or deuterochloroform
where appropriate. The main peaks were used for calibration
and coupling constants are accurate to S;t 1.0 ¢/sec., but

where a larger error is involved, it is quoted.

7.2. Preparstions.

Arylmercuric Acetates were prepared by two methods.

(a) The avppropriate hydrocarbon was mercurated using
mercuric acetate (169). For example, mercuric acetate
(8 gm) was dissolved in a mixture of mesitylene (32 ml) and
glacial acetic acid (225 ml) containing 60% perchloric acid
(4 ml). After two hours,; the reaction was quenched with
water (100 ml) and mesitylmercuric bromide precipitated by
addition of a solution of potassium bromide (8 gm) in water
(100 ml). The product was recrystalliscd from methanol.
The acetate was obtained by shaking mesitylmercuric bromide

(2.4 gm) with silver acetate (1 gm) in ethanol (5C ml) for

A
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L4 hours. The mixture was filtered and the residue obtained
by evaporating the filtrate to dryness, was recrystallised
from ethanol-water. The product was dried in vacuo over
calcium chloride. Durylmercuric acetate was also preparecd
by this method.

(b) The appropriate arylboronic acid was reacted with
mercuric acetate (170). TFor example, ortho-tolylboronic
acid (3.3 gm) dissolved in methanol (100 ml), was mixed with
mercuric acetate (ca. 8 gm) in water (50 ml), containing a
trace of acetic acid. After boiling for 5 minutes, the
mixture was cooled in ice. The precipitate was
recrystallised from methanol-water and the product dried in
vacuo over calcium chloride. Also prepared by this me thod
were meta- and para-tolylmercuric acetates and a new
compound, 4, 7-dimethyl-a-naphthylmercuric acetate, yellow
crystals from chloroform, m.pt. 168—17000 (Found, C, 40.5;
H, 3.35; 0, 7.6%. CluﬁlquO2 requires C, 40,5; H, 3.L;
0, 7.7%)-

Phenylmercueric acetate was the B.D.H. product.

Diarylmercury compounds wer2 prepared from the

arylmercuric acztate or bromide (171). For example,
phenylmercuric acetate (1C.1 gm), hydrazine hydrate (1.5 gm)
and sodium carbonate (1.6 gm) were refluxed in ethanol

(150 ml) for 6 hours. After cooling the recaction mixture to

OOC, the solid material was filtered off, and further yield



obtained by evaporating the filtrate to small volume. The
crude product was extracted with chloroform and the e
solutions obtained evagorated to dryness. The residue was
recrystallised fron benzene or chloroform. Mesitylmercuric
bromide was used to prepare mercury dimesityl by a similar
procedure,

2-Thienvlmercuric Chloride (172)

Mercuric chloride (13.6 gm) and sodium acetate (7.8 gm)
were dissolved in boiling water (100 ml). The hot solution
was added to thwiphen (20 ml) in ethanol (100 ml) and on
cooling, white plates were prccipitated. These were
filtered off, washed with alcohcl and air-dried.

All attemots to prepare the corresponding acetate
derivative by the methods outlined above, produced an
infusible materisl which was insoluble 1n any coammon organic
solvent. This wes identified as 295—bis(acetoxymercuri)—
thiophen (173).

The lH n.m. r. spectrum was obtained for a saturated

solution of the chloride in dioxan.



T

FIG Il {(CyHs)HgOAC-CDCl,_

'H e Spectrum

‘OAc'line is at higher field.
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8. SUFPLBMINT

8.1. Preamble

Since the preparation of the Grignard reagent from
bromopentafluorobenzene (174), many perfluorophenyl
derivatives have been obtained. OSeveral fluorine n.m.r.
studies of these compounds have been reported (175). The
chemical shifts vary considerably with the sole substituent
including an ortho effect, where the difference,
8(oF)—-—-g(ranpF), can be ~> 30 p.p.m, for metal derivatives.

Using the C,F roup, (termed Ph,.), several four and five
6 f

5 G
co-ordinate organothallium compounds have been prepared
(176) (177) qg.v. Although no clzar picture of heavy metal-
fluorine spin coupling has yet emerged, the ayailability of
molecular weight and conductivity data for solutions of
these compounds prompted a study of the 19F N.l. ' Spectra

of these systens,

8.2. Results and Discussion

Spectra Obtained were first order and were assigned by
the fine stuucturs and relative intensities of the bands.
Chemical shift and thallium-fluorine coupling constant
values are given in Table 36, with the relative signs of the
coupling constants reported in Table 37. Values for

(CSF5)2T1BP have been published (178) but no solvent was



Table 36

Chemical Shifts (p.p.m.) and Thallium-Fluorine

Coupling Constants (c/scc.)_for various

Bis(pentafluorophenyl)thallium Systems,

113

¥

Compound Spopom, Jpy - g ¢/sec.

and
Solvent orthometa |para |ortho [meta |para
(C6F5)2T1Br L3, 43 (84.22]76.25 | 78C.3(341.1| 82.3
/CHBCOCH3
(C6F5)2T1BP 42.51|84..3176.79 802.2|340. 4| 82..
/MeOH
(CGFs) HT1Br 40.70(81.31|74.08 | 768.3|341.2| 80.0
/oy
(C6F5)2Tlo:phen3r 43.25183.26176.88 | 876.2]386.1| 87.1
/CH;COCH, £0.06 7.3
(C6F5)2Tlo:phenBr 42.63|81.21|74.78 884.8|372.9] 86.3
/C6H6
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Compound 6 1_3.,1).,1112‘2 Jpp - g c/sec.
and
Solvent ortho|lmeta | para ortho |meta {para
Pth (C6F5)2T1Br2 41.16|83.30]{ 76.87 640.1]256.8| 72.4
/CH3COCH3
thleNO3 4h.87182.9 | T4.1 1009.3|428.81 92.9
/CH;COCH, 0.1 |%0.1 I5.6|t15.1|%13.6
th2T1NO3 46,6583, 28| 7he ity | 10311 {446.5] 96.2
/MeOH
Ph,,Tlo-phen MO, 43.17|82.83|75.44 | 991.8|431.51 93.8
/CHBCOCHB
th2Tlo—phen NO3 L4 .00 83.33|75.04 959.5427.0 ] 94.7
/MeOH
Chemical Shift, 6;up.mo upfield from CFECOOHQ external

reference.




Table 37

Relative Signs of Tl - F Coupling Constants for

v y /
gg615‘_512ﬂ:113r, CH-COCH 3.

I
TI—Br
r F+£780

F F+ B4,

F

F 8y

apparently mentioned. All OPthO*JFF values were ca.

20 ¢/sec., in accordance with reported figures (179)-(181).
Like the analogous Tl - H parameters (110), the

thallium - fluorine coupling constants decrease uniformly,

ortho:> meta;>>parau The same pattern is followed by

1H - 19F constants where J ~ 8-10 c/sec.

oHF

J .~ 6-8 c/sec., snd J_ ..~ 2-3 c¢/sec. (179)-(181), but

mHEF pHE
the decrease is proportionately more pronounced in the

thallium - fluorine case. The similarity of the two systecms
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is further emphasised by the relative signs of the coupling
constants. With both T1 - F and H - F systems, the ortho
and meta coupling constants are both of opposite sign to the
para coupling constant (180).

Thallium~fluorine coupling constants vary ccensiderably
in the range of compounds studied here. Small but
significant differences -in chemical shifts and coupling
constants for pyridines acetone, and methanol solutions of
(C6F5)2T1Br indicate some interaction with the solvent
occurg. As the solutions contained monomers and were
non-conducting, and a crystalline (06F5)2py2TlBr complex had
been isolated, Deacon postulated a five co-ordinate trigonal

bipyramidal form, (Cfb ) S ,T1Br (S = Me,CO, MeOH, py) with a

2
linear C - T1 =~ C arrangbmunt (176).
Similar small but significant variations for methanol
and acetone solutions of (C6F5 2T1NO3 also occur. Dilute
me thanol solutions are conducting but this decreases with
rise in concentration. Acetons solutions are non-conducting
and contain monomers. However, the infrared spectrum of the
solid nitrate indicates that the compound is ionic or that
the NOE group is only weakly co-ordinated to the thallium.
Thus in concentrated solutions, an ion-pair form,
(061 ) S Tl +N03—9 or (C 5) S TlNO3 with a nearly ionic
Tl—ONO2 bond; may be equally possible.
Thallium-fluorine coupling constants for the anilon,
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[EC ) llBP-] , are much less than those for the neutral

species, (C T1Br, both dissolved in acetone. In the

5>2
solid state, the complex is four co-ordinate but assuming a
Fermi contact term predominated, a similar solution sSpecies
would not afford such low J“lF values. Thus a solvated five
co-ordinate species, [?66F5)28T15ré]_ is postulated for the
solution form.

Pollowing the principles outlined above (page 95), if
no changes in the degree of co-ordination occur, then
coUpling constants will vary only with (Z ff), Whe re

1
Zeff = (ZZO)zo T"i‘th ‘thalliurny Z = 819 al'ld. Z - L{-u 659 50009

and 5.35 for T1~, T1°, and T1" respectively (148). If the
overall charges on the complexes, {KC6 5 2T1X2%] R
{;C6F5)2T1XSQ] , and [!C6F5) TlSé] , are taken to reside
mainly on the central thallium atoms, the coupling constants
will be in the ratios, 1.00:1.11:1.23. The average
experimental ratios for the series, {?h4§][kC6F5)5T1BPé]’

(C6F5)2T13r, and (C6F5)2T1NO in acetone solutions, are

3
1.00:1.23:1.51. Although agreement between the observed and
predicted trends supports an ionic nitrate species and a
five co-ordinate form of the anion in solution, no
information is za:xned on the mechanism of thallium-~-fluorine
Spin coupling as both J(2> and J(B) are proportional to

(Zgpp)> (159).

Thallium-Tlvuorine coupling constants for
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(C6F5)20-phenTlBr in acetone and benzene solutions are
similar. Monomers are present in both solvents, and the
same undissociated 5 co-0Ordinate species is considered to

occur in both systems (176). The J values are 10%

71F
greater than those for (C6F5)2T1Br in acetone. Increased
coupling constants when a stronger donor is used as a

ligand, have been noted previocusly (page 105), but, as in
o-phen complexes ﬁﬁﬁ is usually 9Oo or less, hybridisation
changes may also be important.

With the nitrate system, when the ortho-phenanthroline
complex 1s studied, a decreasein thallium-fluorine coupling
constants is observed, the effect being larger for methanol
solutions. Molecular weight and conductivity data for the
solutions are similar to those obtained for (C6F5)2T1N03.
However, the infrared spectrum of solid (C6F5)20—phen TlNO3
indicates definite co-ordination of the nitrate group occurs
(1%6). Thus, the expected coupling constant increase for
the ortho-phenanthroline complex may e co.ntered by a
decreased positive charge on the thallium due to the
formation of a more covalent Tl - ONO2 bond. ﬂ@is
explanation muist remain speculative until more 1s xnown of
thallium -fluorine spin coupling.

In this work, concentrated sclutions (10-20%) were us=d
so as to obtain useful spectra with the instrument availlable.

Further studies using suitable technigues e.g. CoA.T.
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methods, of dilute solutions for which valid molecular
weight and conductivity data can be obtained are obviously
necessary before these and other n.m.r. phenomena can be

understood.

8.3. Bxperimental

The majority of the compounds studied werzs provided by
Dr. G.B. Deacon of University College and the remainder
prepared by his »rocedures (176) from bis(pentafluorophsnyl)
thallium bromide also provided by Dr. Deacon. Fluorine (19)
magnetic resonance spectra were msasured usins a Varian
V4311 spectrometer at 56.45 Mc/sec., with trifluoroacetic
acid as an external reference. Concentrated (10-20%) or
saturated solutions were used. Chemical shifts and coupling
consStants are accurate to 520.05 Do Do Mo and.$;5 c/sec.
respectively but larger errors are quoted. Relative signs
of the coupling constants were determined by double
irradiation with the apparatus constructed by R.5. Milner.

I am gratefvl to Dr. G.B. Deacon for the gift of
compounds and for many helpful and interesting dlscussions,
and to Mr. R.S. Milner for his assistance with the double

irradiation experiment.
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