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(iii)
ABSTRACT

This thesis describes studies on the co-ordination
chemistry of Group II elements, magnesium and zinc, and
Group IV elements silicon, germanium and tin. Attention
is focussed principally on systems with ligands containing
multiple-bonded nitrogen attached t» these Groups II and
IV elements viz., Ketimin> and amidin> derivatives con-
taining R,C=N and R'NC(R)=NR' ligands respectively.

After an introductory survey »f the relevant chemistry,
Chapter 2 describes studies on fifteen ketiminomagnesium
derivatives of formula types (R20=NMgBr)2(L)X,
EREC=N)2Mg]n(THF)X, (R,C=NMgX) T and includes an X-ray
crystal structure of (Ph20=NMgBr)2(THF)5° All compounds
described are associated species, often dimeric, and are
believed to co-ordinate via bridging methyleneamino ligands
with additional bridging ligands (OEtg, THF and TMED) in
some cases. Where compounds also contain terminally
attached methyleneamino ligands, their infrared spectra
are consistent with linear C=N-Mg units.

Chapter 3 describes related studies on ten methylene-
aminozinc compounds of formula types (R2C=NH)XZnX2, R = Ph,
p-tolyl, X = Cl, x = 2; R = Bu®, X = Cl, x = 13 R = p-tolyl,

X = Ph, x = 1; RCN.ZnPh, (R = p=tolyl); (RlR C=NZnX)n,

2

R, = R, = p~tolyl, X =Cl, n = 2; R, = R, = p-tolyl, X = Ph,

1 2
n =2; R

1 2

1 o) = p—tolyl, X = Ph, n = 2; Rl = R2 =

p-tolyl, X = (p—tolyl)20=N. The associated species are

- Ph, R

thought to have bridging methyleneamino units with three-

co-ordinate zinc.




(iv)

Chapter 4 describes methyleneamino and N,Nl—diphenyl—
and N,Nl-di—p—tolylacetamidino (Am, Aml) derivatives of
tin(II) including formula types RZC=NH,SDII012,
(R,C=Nsn"01).,, [(R20=N)25n11] , An'H.so'Tc1,, (Ambsn

n
(AmQSnII)
(n = 2, 3, 4)3 Am

1T,
Ibl)g,

. (AmlgsnII)no Amidino derivatives AmnSnIVC]u_D

1 Iv

1 .
nSnTCL, o (n = 1=4), Am SMC1, (M = 8i,

L
Ge) are described in Chapter 5. Attempts to prepare
Am(orAml)nMCl4_n (n =1, 3, 4; M = Si, Ge) were unsuccessful.
AmlSnIVCl3 is monomeric with five co-ordinate tin. The
associated species are believed t»> contain bridging methyl-
eneamino/amidino ligands.

The final two chaptersdescribe work which stemmed from
studies of nitrile - Group IV metal systems. In Chapter 6,
the use of vapour pressure/composition studies to monitor
the weak interactions of Lewis acids MCl4 (M = 8i, Ge) with
various Lewis bases is demonstrated.

Finally, the hydrostannation of nitriles by tin(II)
chloride and hydrogen chloride is described. The product
is considered to be dimeric with an amidinium structure

IT

0135nIVc(R)=Nc(R)=NH2+Sn 015




CHAPTER 1

INTRODUCTION




1.1 Nomenclature

Various names have been used in the past for compounds
containing the C=N - group. To avoid ambiguity the
Chemical Society and I.U.P.A.C. recommend that ketimines,
R,C=NH, should be named as derivatives of the (unknown)
parent compound methyleneamine CH’2=NH° Hence diphenyl-
ketimine, Ph20=NH, is diphenylmethyleneamine and metallo-
derivatives containing the unit Ph20=NM are consequently
spoken of as diphenylmethyleneamino derivatives of M.
Similarly RCH=NH, formerly aldimines, are correctly termed
alkyl (aryl) methyleneamines. In this introduction both
nomenclatures are used, but subsequently systematic nomen-

clature is solely employed.

1.2 Historical Background

Methyleneamino- derivatives of metals have been known
since about 1901 when Blaise (1) described, but did not
isolate, methyleneaminomagnesium- and methyleneaminozinc
halides R'RC=NMX (M = Mg, Zn), as products of the insertion

of a nitrile into the metal-carbon bond of an organomagesium=-

or organozinc-halide (equation 1.1)

2 1.2

MX » R R™C=NMX 1.1

RiC=N + R
Indeed the most widely used route to the synthesis of ketimines
employs a nitrile and a Grignard reagent (R2MX, M= Mg)
followed by partial hydrolysis (equation 1.2). This addition

of a nitrile to an organomagnesium or -zinc . halide has been

R1R20=NMXn + Hy0——> RIR2C=NH + MX(OH) 1.2

extended to the preparation »f other related zinc (2),
/j:«’;\/;;,'\ SRR

lithium (3) and aluminium (2) compounds. /éf SSIEMCE T
:{\(\ 6 MAY 1980 |
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In general, however, interest has centred on the
products obtained by the complete hydrolysis of such

initial insertion intermediaries, i.e. Ketones (equation 1.3)

RlR20=NMXn 4 PH.OQ ~—3> RIRIC=0 + NH. + HOMX 1.3

2 3

The first aldimino derivative of a metal, propyl-
methyleneamino di-i-butylaluminium (PrCH=NA1Bu12)n, to be
isolated in a pure form was reported some twenty years ago
(4). Interest in this field has subsequently developed
quite extensively. Additional methods by which such
methyleneamino- derivatives may be synthesised, their
co-ordination chemistry, and the reactions »f their metal-
nitrogen bonds have been studied, but only in comparatively
recent time have their structures and spectra been investi-
gated. The work described in this thesis had as its broad
objective the study of nitrile adducts or methyleneamino
derivatives of metal or metalloids. Chapter 2 and 3 describe
studies which involve R20=NM species (M = Mg and Zn respec=
tively) themselves being intermediates in the reaction of
organometallic reagents with nitriles. Particular attention
is paid to the structure of these diaryl (or dialkyl)-
methyleneaminomagnesium or -zinc derivatives and to the use
of the R20=N=M unit as a probe for the studj of metal-
nitrogen W-bonding. To this end, this chapter will describe
later the spectroscopic features of =C=N-M units that allow
their structures to be determined. Chapters 4 and 5 are
concerned with features of the co-ordination chemistry of
selected N, N'-diarylacetamidino- derivatives »f tin in
both its II and IV oxidation states. A detailed discussion

of this work is offered in Chapter 4. Chapters 6 and 7/



examine respectively (i) interactions between nitriles

(and other Lewis bases) and MCl4(M = 8i, Ge) as monitored
by vapour pressure measurements, and (ii) the behaviour

of selected systems incorporating alkyl or aryl nitrile,
tin(II)chloride and hydrogen chloride. The present chapter
includes a survey of nitrile insertion reactions by which
methyleneamino- derivatives can be prepared. Other routes
to methyleneamino- derivatives are also reviewed together
with the characteristic spectroscopic features of the

C=N~M units.

1.3 Insertion Reactions of Nitriles

Insertion reactions of nitrile involve the insertion
of a nitrile triple bond into a bond Ag+ - ]Bg_such that
B and A add to the nitrile carbon atom and nitrile nitrogen
atom respectively (equation 1.4).

o &
RC=N + A— 3B ——— RBC=NA 1.4

The ease with which the reaction occurs reflects the strength
and polarity of the bond between A and B. In particular,
nitriles can insert into M-C bonds where M = Li, Mg, Zn and
Al, for example, to give N-metallated methyleneamines

(equation 1.5). The majority of reactions like this are

frequently regarded as 1,2-dipolar additions and proceed
probably by way of some cyclic transition state such as that

in (equation 1.5).

Rlcg““sl\rg" + Rgigf—MSJr X —

|
ﬂi—aRR C=NMX_ 1.5




Such would also rationalise those situations where evidence
exists of the initial formation of a nitrile adduct as a

precursor to the insertion reaction. Some of these adducts

lo=y. MR55’ gl - Me, R® = Me, Et, Ph; R' = Et,

2

are isolable eg. R

RS = Me; RY = Bu®, R

= Me, Ph; M = Al (5), and their in-
frared spectra reveal the characteristic increase in V (C=N)
of nitrile on formation of adducts RCEN,MXn (6). They do,
however, often rearrange, and feasibly by a mechanism which

involves nucleophilic attack, by the migrating group, on

the carbon of the nitrile (equation 1.6) A study of nitrile-

organoaluminium adducts has indicated that such rearrangement
occurs less readily if electronic charge is withdrawn from
the migrating group and this seems consistent with the pro-

posed mechanism of migration (equation 1.6) (5).

R2
1 > R°
Rl _csN—> MI—R -
R \\\
‘ |
‘ 2 1 ‘ 1
) ! R R M R
RS ! > C=N N=C 1.6
5 N 1 - \\\M V' \\\.R2
R M < N=CR R
RZ Rg

Specific examples of insertion reactions of nitriles are
now given, which will not only illustrate the general
principles so far established by proving a favoured route
to various methyleneamino- metal or metalloid derivatives
but also serve to illustrate the formation of rather

different products.




Methyleneaminolithium derivatives, R1R2C=NLi have

been widely studied in their own right and have been
extensively used in the preparation of methyleneamino -
derivatives of other electropositive metals. Insertion
reactions of nitriles R'CZN with R°Li (Ry= R, = Ph (7);

R' = R = Bu® (8); R' = Ph, R° = MR, (9) have been used

lR20=NLi in good yield, but PhCN gives a very

to produce R
low yield of PhMeC=NLi when treated with MeLi because of

the competing reaction involving the polymerisation of the
benzonitrile in the presence of organolithium (3). Further-

lo=N (eg Rl=Me, Et),

more, reactions between alkylcyanides, R
and lithium alkyls (eg R2=Me, Et) do not normally yield
dialkylmethyleneaminolithium deriviatives as might be ex-
pected (eg Me20=NLi) because of the acid character of
hydrogen atoms attached to the d—carbon atom of the nitrile,
Instead the products are an alkane and polymeric materials

(equation 1.7) - R1=R2=Me, Et). Dimethylcyanamide, Me N-C=N,

RlCHéCEN + R°Li——> R°H + (Rch=C=MLi)n 1.7

whilst not possessing a hydrogen atom on the Jf-carbon atom

does, none the less behave as a protic acid toward methyl

lithium eliminating methane (7) according to equation 1.8:

I._.l
oo

MegN—CEN + MeLi ———— MeH + LiCHEN(Me)C=N
Acetonitrile and excess t-butyl lithium on the other hand,
reaotat—?élby'polylithiation to give Li202HN and two equiva-
lents of 2-methypropane. Tertiary- butyl cyanide (pivalo-
nitrile) with no o£=hydrogen atoms has been reported not to
react with alkyl lithium, RLi,(R=Me, Et, (7) but nevertheless

reacts smoothly with t=butyl lithium inserting at about -20°



(equation 1.9) in quantitative yield. This represents

the most convenient route to the synthesis of di-t-butyl-
methyleneaminolithium.

t

Bu®’ c=sN + Bul

i— But20=NLi 1.9
The insertion of a nitrile into the metal-carbon
bond of a Grignard reagent, RgMgX, has been used to pre-

pare a series of methyleneaminomagnesium derivatives,

RIRSC-NMgX, (R = Ph, R® = Me, Et, PhCH,; R' = cyclopropyl,
Re - Me, Ph (10) rR! = R - Ph (11) (equation 1.10.) 1In a
R'C=N + R%MgX ——» RIR°C=NMgX 1.10

similar way benzonitrile reacts with diethylmagnesium to

give ethylphenylmethyleneaminoethylmagnesium (equation 1.11)

which is extensively associated in benzene.

PnC=N + Et2Mg (EtPhC:NMgEt)n 1.11
A similar reaction employing t-butylcyanide, also in ether
gave a syrup which yielded a crystalline derivative with
tetrahydrofuran (EtButC=NMgEt)Xy THF, whilst, by contrast,
the reaction between di-isopropylmagnesium and t-butylcyanide
gave a crystalline adduct ButCNoMgPrigo The adduct, again
showing the characteristically high Y (C=N), decomposes in
benzene precipitating di-isopropylmagnesium (12).

Benzonitrile reacts with diphenylzinc to form the
adduct PhCNDZnPh2 which rearranges at about 100° to
bis(diphenylmethyleneamino)zinc, presumably by way
of the disproportionation of the insertion product,

dimeric diphenylmethyleneaminophenylzinc (13) (equation

1.12). By comparison, p=tolunitrile also forms
= = = — =
PhC=N + Ph2Zn—¥PhC—N,ZnPhg—ﬁ(Pth NZnPh)2 ﬁPh2C"N)2Z%n'+ ZnPh2

1.12




an adduct(;—tolyl>CEN°ZnPh2, and its pyrolysis at about

100°¢ yields the expected insertion product p-tolylphenyl-

2
(equation 1.1%). This product however, whilst supportin
g

r
methyleneaminophenylzinc dimer[Fp—tolyl)PhC=NZnPh]

E(P—tolyl CEN,ZnPhg-——%>&p—tolyl)PhC:NZnPh] 1.1%

2
the likely reaction route postulated for the benzonitrile-

diphenylzinc system (equation 1.12) is much more resistant

to disproportionation and indeed it was not possible to
prepare the bis(methyleneamino)zinc derivative
t{tp—tolyl)PhC=§}QZ€]n in this way (see chapter 3). No
evidence of interaction was found in studies of the systems
Bu'C=N- R.Zn (R = Me, Et, Bu’) (13) but benzonitrile is
trimerised by zinc alkyls, apparently by successive insertion
of benzonitrile into zinc-carbon and ultimately zinc-nitro-
gen bonds, when equimolar mixtures of benzonitrile and

dimethyl- (14) or diethyl-zinc (13 , 15) are heated in sealed

tubes to 100° - 150O (eqpations 1.14 - 1.15). Such a mecha-

nism (1.14 and 1.15) is similar to the

PhC=N
R-ZnR + PhC=N— R(Ph)C=NZnR ————> R(Ph)C=NC(Ph)=NZnR  1.14
B Ph
c c
7N\ / N\
N N— ZnR N N
] |
” ! s H l + RZnN=CRPh 1,15
1 ]
C C— N c c
Ph \, 7/ \ Ph \__ 4/ Fh
N CRPh N

polymerisation of benzonitrile in the presence of organolithium
reagents mentioned earlier (3). Other substances which cata-
lyse this trimerisation reaction include sodium (16 , 17),

organomagnesium compounds (18) and MeBM(M = Al (19), Ga (20).



Mdiminoboron hydrides (R'CH=NBH,) ,(21) alkyl hydrides
(RlCH=NBHBut) (22), and alkyls (MeCH=NBR,), (23) result
2 2/p

from the insertion of nitriles into the B-H bonds of BH
t

2z
BH2BU and HBR2 respectively. However, the aldiminoboron
dihalide, MeCH=BClg, expected from the reaction of aceto-
nitrile with dichloroborane, or monochloroborane, (eguation
l;£§> was not produced. Instead, small traces of aceto-

nitrile.borontrichloride adduct were obtained and evidence

of substituted borazines. (24) Whilst aldimine

MeC=N + HBCL, ){ > MeCH=NEC1 1.16

2
derivatives of gallium are also accessible by an insertion
of a nitrile into a gallium-carbon bond of G—aR5 (25)

(equation 1.17), in general the lower reactivity of organo-

boron and organogallium compounds towards the insertion of

an unsaturated functional group such as nitrile causes

2

ketimine deriviatives (RlR C=NMR52) to be inaccessible by this

2

2PhCN + 2GaEt3 -—————ﬂ>(PhCH=GaEt2) + 2C2Hﬁ 1.17
2
route. On the other hand both aldimino, R10H=NA1X2, and
ketimino (RlR2C=NAlX ) derivatives of aluminium are pre-

2 n
parable from the nitrile and the appropriate organoaluminium

compound .

Such insertion reactions of the nitrile group into aluminium-
carbon (or aluminium-hydrogen) bonds yield methyleneamino-
alanes only when the organo-group R2 is an aryl or alkyl

group, other than ethyl, and the nitrile substituent Rl has

1 t

no & -hydrogen atoms (equation 1.18 and 1.19, R* = Ph, Bu’;

2 2

R = X = Me, Ph. (5, 26) R* = Ph, R° = H, X = Bt (4, 5, 26)
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R'C=N  +4(RPMIX,), ——> R C=N.AIR°X, 1.18

0 RlCENAlR2X2 4 > (R RZC-NAIX,)_ 1.19

Pyrolysis of the benzonitrile.triethylalane adduct,
PhCN,AlEtB, yielded both ketiminoalane PhC(Et):NAlEtg,
and aldiminoalane PhCH:NAlEt2 because of concurrent loss
of ethene and hydrogen (16, 26). A different behaviour is
observed however, when the nitrile has an & =hydrogen atom
as in, for example, aceto- and propio- nitriles. Such
nitriles act as weak protic acids cleaving »>rganic grohups

from aluminium forming alkanes and polymeric pr->ducts

(equations 1.20, 1.21), showing that, in addition to cleavage

2 > RCH-CN . AIR®X

2 2 2

/
T

RCH,C=N + R

5 A1X

1.20

_ 2
(RCH-NAng)n + RTH

'n RCHLCN. AIR®X 1.21

2

(RCH(ALX,)CN) | + R°H

of groups R2 from aluminium, some rearrangement has also
occurred. Aldimino derivatives, (RlCH=NAlX2)n, are formed
when R° = H or Et, the EtAlX2 in the latter instance acting

as a source of HA1X2 (5, 17, 18, 26-28) by loss of ethene.
Methyleneaminoalanes can also arise by the insertion of
nitriles into aluminium-nitrogen bonds in compounds of general

formula RERIAINR'R® (equation 1.22) (19, 29 - 31).

rlo=Ny + RRZAINRMRO s RIC(NR"R’):NAIRSRD  1.22



Methyleneamino~-derivatives of Group IV elements
(8i, 8n, Pb) result from the insertion of nitriles into
M-N bonds (Si, Sn, Pb), M-H bonds (M = 8i) and M-O bonds

(8Sn, Pb) as indicated irn equation 1.23.

1 2 2

s RIXC=NMR

10,

Ric=N MR
C + 3 3 1.23
M-Si RY = Ph, X = H, R = Me (32): R} = 0 -
- 8i - Ph, X - H, - Me (32); - R, X = MR,
NHR, R® = Me (33)
M-Sn R' = Ph, X = NMe, R® = Me (34 35): RY = CCl
- - 9 - 2, - b} - 5,
X = OMe, R® = Bu (36)
M-Pb RY = Ph, X = NEt,, RS = Bu (37): R* = CCl
— - 2 - 29 - b - 57
X = OMe, R = Ph (38)

The above examples of nitrile insertion into M=C and
M-X bonds show the reactivity of the nitrile functional
group is due to two factors, viz its polarity (();]ﬂgl) and
the lone pair of electrons on nitrogen. Moreover when this
lone pair is used to co-ordinate with a Lewis acid the
electrophilic character of the nitrile carbon is enhanced.
A brief description of the reactions of nitriles with
selected substrates, some of which have particular relevance
to the work reported in Chapter '/, is now offered.

The interaction of hydrogen halides, HX, with nitriles
has been well documented (39 , 40) the addition of a proton
being followed or accompanied by co-ordination of halide ion

at the electrophilic carbon atom to give imidoyl halides

(I - equation 1.24) which themselves are normally sufficiently
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basic to accept a second proton to form nitrilium salts

(ITI equation 1.24). The weak basicity of the simple nitriles

- + -
R-C=NH ,
H e o] P
= ——— — p¢? —= r-¢7
R-C=N m——— = w0 = &0 o1- .24
c1 c1
+
R-C=NH
L _

may be attributable to either the lone pair of electrons

on nitrogen or (much more rarely) to the qr:electrons of

the triple bond. Complexes of nitriles with various Lewis
acids are normally bound through the lone pair (6) but

the enhancement of T -electron availability in, for example,,
4-methoxybenzonitrile markedly accelerates the formation

of the imidoyl chloride salt (II). In addition to the imidoyl
halides or halide salts (I and II) already referred to, some
nitriles are known to form isolable dimeric hydrochlorides.
Some of these products are of somewhat uncertain composition
but the reaction between hydrogen chloride and dimethylcyana-

mide at room temperature is rather more clear (equation 1.25).

The cystalline derivative (IV) is produced which, when heated,

b + 1
NI NH
NH NH C1 2 NMe
M o 7 HCL N 7 2 loo ! / : - 2
—_—— = .
eENCN—% MeQNC\ = Me2NC MegNCN C\ Cl 1.25
Cl Cl Cl
— A

IIT Iv Vv
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elimates HCl and forms (V) in high yield (41) probably
by displacement of Cl1~ from (IV) by the nucleophilic
chloroformamidine base (III). The analogous aliphatic
imidyl hydrochlorides behave similarly (42) but the

o« ~halogenated monomeric compounds are stable only at low
temperature, the reactions at room temperature yielding
dimeric N-(«K ~haloalkylidene) amidines directly (43).
Acetimidyl chloride, for example (II; R = Me) changes on
standing to form N-(Chloroethylidene)- acetamidine
hydrochloride (VI) having the composition 2 MeCN.2HCl.
(42). The N-(AK -haloalkylidene)amidines (VI) are in

_ + . _ +

NH, y NH, ]

i ) € R -
Me—C —N =C c1” R—C—-N=¢" Sncl
~ N 3
Cl SnCl
3
) VI i - VII -

general weakly basic and their salts readily release
hydrogen halide. This may be one explanation for the lack
of agreement regarding their composition. Chapter 7/ gives
an account of a study of various nitrile - hydrogen chloride
- tin (II) chloride systems, in the presence of diethyl
ether as solvent. The solid waxy products isolated in the
four systems studied using different nitriles RCN (R = Me,

Et, But

and Ph) were also dimeric with an amidinium salt
structure (@O. . Whilst the precise nature of the reacting
species in an ethereal solution of hydrogen chloride/tin(II)
chloride is debatable - see later, Chapter 7/ - it seems

likely that the reaction with nitriles proceeds in a manner

similar to that described for nitrile-=hydrogen chloride
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systems. The first step probably involves the protonation
of the nitrile followed or accompanied by co-ordination of

the nucleophilic trichlorostannate (II) ion, SnClg', to

give products (equationl.26) analogous to I and II

+ +
N i RC§H _§ESEQA 2 NH H SnCl //NH;Sn01
RCN —— N
= = RC\\ = RC\\
y Sn013
SnCl
)
1826
VIII IX

SnCl

3
(equation 1.24) - produced by 1,2-addition of H' and C1~

to a nitrile - viz an alkyl trichlorostannyl imine (VIII)
or iminium salt (IX). The first step this reaction i.e.
the forming of RC(=NH)Sn015—analogouS to the formation

of an imidyl chloride (I) - may only be termed a hydrostan-~
nation in the broadest sense since the reacting species
probably has no Sn-H bonds (contrast EtBSnH) into which the
unsaturated nitrile group might insert. The dimerisation

of IX affording X with an amidinium salt structure may

+
e E
R C— Ne—e——2¢C SnC1 -
\ n 5
SnCl
5
L X ]

well proceed by a mechanism similar to that described for the
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dimerisation of II but this is dealt with in much greater
detail in Chapter 7.
Nitriles may also be used in the synthesis of amidines

by reacting with (inserting into) ammonia or amines esta-

blishing an equilibrium (equation 1.27).
///INH
RC=N + NHBE::::::iRC:::

NHé
Conversion to amidine is favoured by electron attracting
substituents in the nitrile, and indeed very strongly
activated nitriles, RCN (R = CCly, (ada) CFS-,(45)) react
rapidly with ammonia or amines at low temperatures but

such amidine products react rapidly with additional nitrile

(equation 1.28) to give unstable imidylamidines. In general,

2CC1,C=sN + NH ——————9ClBCC(=NH)éN=C(NH2)CCI 1.28

3 3 >

however, most nitriles in their reaction with ammonia/
amines give very low yields of amidine, (46) but if the
amidine can be stabilised as an amidinium salt, higher
temperatures can be used to accelerate the reaction.
Basically the reaction involves the fusion of an ammonium

salt with the nitrile (equation 1.29) and this scheme

NH
1o~ 2 + -

AN

RicN + R2R3NH2+X-———-,» R
NR°R?

has been found to be particulaly useful for the synthesis
of N-substituted amidines from aryl nitriles (46). Best
results are obtained at temperatures ranging from 180° -
2500, and employing benzenesulphonates or thiocyanates (in

a large excess). Unsubstituted amidine salts can be prepared
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however in high yield from a wide variety of nitriles
by reaction with ammonium chloride or bromide in the
presence of ammonia under pressure at 1250-1500 (47).

An adequate reaction pate in the slow step (equation 1.30 (a)

needs to be achieved at a temperature where

-9-
NH NH
() P NH, X P _
RON + NH, ——=—RC —* e’ X7+ NH; 1.30
N ym (0) SN
> >

the equilibrium concentration of amidine salt is high. A
high =~ concentration of ammonia promotesthe forward reaction
but too much necessitates an increase in the salt content

to ensure the protonation of the amidine product (eguation
1.20 (b) It is of interest to note that the monomeric
imidyl halide salts (II), previously discussed, do not react
with either ammonia or amines to give amidines, but

rather regenerate the original nitrile (equation 1.31).

+
NH. 1
2
e
N\

+ 2NH,——>RC=N + 2NH,Cl 1.31

3
Cl

Following this brief survey of some selected reactions
of nitriles, further information on which may be found in
the references gquoted and in later chaptersof this thesis,
other methods by which methyleneamino derivatives may be

prepared are now discussed.

1.4 The Preparation of N-Metallated Methyleneamines

Insertion reactions of nitriles with M-H, M-C, M-N,
and M-O bonds and their utility in affording methyleneamino

derivatives of various metals or metalloids have already
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been discussed in the previous section. It is now pro-
posed to consider other methods by which N-metallated

amines have‘been prepared and then to tabulate the known
methyleneamino derivatives - and the method(s) by which

they have been made = of selected metals/metalloids.

(a) Metathetical reactions of a methyleneaminolithium

(on a methyleneamino-silicon compound) with a metal

halide. (equation 1.32)

R,C=NLi + MY —— 3 TiX o+ R2C=NM1 1.32

This is the most widely - applicable method for the
preparation of imino derivatives of metals and metalloids.
Iminolithium compounds in general are most conveniently
prepared by the reaction between a methyleneamine - which
itself is a product of the partial hydrolysis of the product
obtained from the nitrile insertion reaction into a lithium
—carbon bondof an akyl lithium - and an alkyl lithium

(equation 1.%3). In the same way that amino-derivatives of

1,2

R'R2C-NH + RZLi— RIR"

R°C=NLi + R°H 1.33

lithium react with halides of less electropositive elements
to transfer the amino group to the other element so methy-
leneaminolithium compounds may be employed to transfer the
methyleneamino ligand to other less electropositive elements
1.2

(equation 1.34 - R =p=tolyl). (48) Iminolithium compounds

RIRSC-NLi + BeCl, ——> #(R'RZC-NBeC1), + LiCl 1.34

are suitable starting materials when the organometallic
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product is soluble in an appropriate solvent from which

the lithium halide may be separated by filtration.
Methyleneamino- derivatives of several metals and metalloids
eg. beryllium, zinc, boron, aluminium, gallium, silicon,
germanium, tin (II) and tin (IV), and lead (also of a non-
metals phosphorus and sulphur) have been made by this

1 and R2, and the relative

method. By varying the groups R
molar proportions of each reagent, a series of derivatives

of considerable diversity may be prepared (equations 1.35 -

1.38).

4PhC=NLi + $nCl,—> (Ph,C=N),Sn + A4LiCl (49) 1.35

3Ph0=NLi + BBr, —» (Ph,C=N); B + 3LiBr (7) 1.36

2But20=NLi + ZnCl,—> %[(But20=N)2ZrJ + 2I4Cl  (50) 1.37
2

(p—tolyl)2C=NLi + PPh Cl————>(p—tolyl)2C=NPPh2 + LiCl (5D

1.38

2

Methyleneamino- derivatives which are only sparingly
soluble in an appropriate solvent (eg. toluene) make for
tedious and imperfect separation from the associated product.
lithium halide. BSuch is the case for example in the pre-
paration, from diphenylmethyleneaminolithium and boron (III)
halides, of diphenylmethyleneaminoboron dihalides, for whilst
the iodide, bromide and chloride (Ph20=NBX2 X=I, Br, C1)
can be separated - but with increasing difficulty - from
lithium halide, the analogous fluoride derivatives,
Ph,C=NBF,, cannot be isolated by this route (24). Howevér,
analogy with an established route to aminoboranes (eguation

1.39) employing aminosilanes (52), suggested that the
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2

| 2 . 1
nMe ,SiNR + RB_nBXﬁ———)nMeBSlX + (R nN)nBRB—n 1.39

3 2
comparable reaction between the methyleneaminosilane,
R,C=NSiMe,,
lithium and trimethylchlorosilane Me3SiCl (equation 1.40),

made by the reaction between methyleneamino-=

REC=NLi + MeBSiCl-——————aldCl + R20=NSiMe5 1.40
and boron (III) halide might provide a useful alternative
route to methyleneaminoboron-dihalides as exemplified by
(equation 1.41). Diphenylmethyleneaminoboron difluoride
. . I
Ph20=N81Me5 + BXB—————é Meale + E(Ph20=NBX2)n l.41

was indeed preparable in this way (53). The byproduct in
this reaction (MeBSiX) is volatile and can be separated from
the desired product by distillation. A further example of

this method, described in a general way by (equation 1.42)

A =Ti, SiMe,; X = Y = F, C1, Br; X = halogen, Y = Ph-

3;

20-NA + XMy ————> R1R20=NMYn X 1.42

rR'R
is provided by the reaction between a methyleneaminolithium
moiety (eg-. Rt - R° - But, A = Ii) and a Grignard resgent
ethylmagnesium bromide, RMgX (X = Br, R = Et) described

in Chapter 2. The separation of the desired product,

Bu® C=NLi + EtMgBr—> L(Bu®,C-NMgEt) + LiBr 1.43

di-t=butylmethyleneaminoethylmagnesium, (But20=NMgEt)n -

probably dimeric - from lithium bromide (egquation 1.43)

proved difficult and accordingly it was prepared much
more conveniently by method (b) the principles of which are

now presented.
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(b) Metathetical reaction of a methyleneamine with a

metal - alkyl or -hvdride (equation 1.44)

RIRSCc-NH + R5MXD—-——>35H + R1R2C=NMXU 1 .44

This type of reacfion involves the elimination of an
alkane, or hydrogen, and formation of the N-metallated
methyleneamine. As with the insertion reactions of a nitrile
group between a metal and a more electronegative element,
already referred to in section 1.3, this type of reaction
is suitable only for compounds RMXn possessing a suffici-
ently reactive R-M bond i.e. for M = Li, Be, Mg, Zn, B, Al
and Ga. The most common type of organometallic compound,
formulated as RBMXn in equation 1l.44, employed to react with
the free methyleneamine to give n-metallated methyleneamines

is the metal alkyl R MR eg RLi (R usually Me, Bu"),

n-1?
R2Be(R = Bul, But), RgMg (R = Et see chapter 2), R2Zn (R =

5Al (R = Me, Et, Ph) and RBGa

(R = Me, Et, Ph). The use of such metal alkyls for the pur-

Me, Et, Ph), R5B (R = Me), R

pose described (eg equation 1.45) parallels in several in-

stances the egtablished route to N—metallated amines

(equation 1.46)

2But C=NH + Bui

, Be————> |(Bu',C=N),Bd + 2Bu'H (54) 1.45

2
2

Me . NH + Prl Be — s L(Me

i i
5 5 3 NBePr )5 + Pr-H (55) 1.46

2

Methyleneaminolithium derivatives are prepared with
considerable ease in this way, employing usually methyl-

or n-butyl lithium (equation 1.47)
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1.2 2

R'RCC-NE + RLi > RIR

C=NLi + RH 1.47

R = RZ = Ph (7), p-tolyl (23 , 56), Bu® (57),

MegN (9, 58) and CF5 (23, 56)

Several methyleneaminoberyllium compounds have also

been prepared (equationsl.48 - 1.49)

R'R°C-NH + R,Be ———> (R'R°C-NBeR), + RH 1.48

Rl = R - Ph, R = Bub, Bul; R' = R = Bub, R = Bul (54)

2R'R°C-NH + R,Be — > 3% (R'RC=N),Be| + 2RH  1.49
>

Rl - 8% - Bub, R = But

In Chapter 2, the preparation of several N-magnesium
methyleneamines is described employing diethylmagnesium or
another Grignard species, RMgBr (R = Et, Pr’, Ph). Such

reactions are exemplified by equations 1.50 and 1.51

oBul . C<NH + Et

t
5 Mg ——> 4 |[(Bu’ C=N) Mg | + EtH  1.50

2
1,2 i, b 1n2 i
R"R“C=NH + Pr MgBr ——» FE(R R C=NMgBr)n + Pr°H 1.51

gl - R® - Ph, p-t-lyl, Bub.

Several N~-metallated methyleneamino derviatives of zinc have
been products of the interaction of methyleneamines and
dialkyl - (R = Me, Et) and diarylzinc (R = Ph) - see

references (13 , 50) and Chapter 3 (equations 1.52 and 1.53).

RIRC-NE + R,Zn———> 3(R'R°CNZuR), + RE 1.52

2 t

2 - Bu?,

Me, Et, Ph (13); R* = R

RS = p-tolyl, R = Ph

- Ph, R

R - Me (50) RT
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2R'RPC-NH + R,Zn——— 4 [(R'R%C=N),Zo| + 2RH 1.5%

= R = Bu’, R = Me (50)

Boron-carbon bonds are less readily cleaved by protic
acids, so this method is of limited use for the synthesis
of methyleneaminoboranes few of which have been made by
this course (equation 1.54).

RIRZC-NH + RyB ——> R1R20=NB32

1

+ RH 1.54

t

il
=]
[
d
)
2o}
I

Me (59); R™ = R = Bu

’ R = Et (57)

The Ph2C=NH/BMe5 system, which behaves similarly to the
MegNH/BMe5 reaction mixture (60) affords initially an un-
stable but isolable solid adduct which however eliminates
methane on being heated to give the monomeric diphenyl-
methyleneamino-dimethylborane. No evidence of adduct
formation was detectable in studies of the diphenylmethy-
1eneamine—BR5 systems ® = Et, Ph) both the alkylboranes
being weaker Lewis acids than trimethylborane. After
C=NH-BEt, mixtures had been held at 160° for about a

2 3
week the only involatile product isolated was the N.-sub-

Ph

stituted ketimine Ph2C=NCHPh2, This somewhat unexpected
product 1n addition to ethene, may be rationalised as follows.
Amines, RlNHé, displace ammonia from imines R20=NH to

yield N-substituted imines R20=NR1 (60). In the Ph,C=NH.
BEt3 reaction some Ph20=NH may be reduced to the amine
PhchNH2 by interaction with Et-B groups (which in the
process lose ethene). Subsequent condensation between

such an amine and a molecule of Ph20=NH could afford
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Ph20=NCHPh2 together with some associated material such

as (EtBNH)n° A study of other Ph20=NH/BX3 systems (X = H,
NMe,, OMe, F or Cl) with the projected purpose of isolating
diphenylmethyleneaminoe boranes, Ph20=NBX2, by the elimination

of HX from the initially formed adduct Ph

2C=NH¢BX3 proved

to be unsuccessful. (61)

Methyleneamino-alanes and gallanes, (R20=NMX2)n M= A1,
Ga, are obtainable by the reaction between methyleneamines
and organo-aluminium or - gallium compounds via adduct

formation (equation 1.55).

RC-NH  + R15M}-—-9>R20=NH.MR15 -2 %(R20=NMR12)2 + RE
1.55
M-Al R=Ph R' = Me, Bt, Ph; (62) R = Bu®, Rl = Me
Bul (57); R = Me.N, R = Me, Et (58)

2
M-Ga R =Ph, Rl = Me, Et, Ph (63)

Cleavage of R1H from the adduct Ph,C=NH.MB, occurs less

2 5

readily as M becomes less electropositive (electronegativi=
ties: B = 2.01l; Ga = 1.82; Al = 1.47) (64), paralleling the
decrease in M - C bond polarity. It is of interest to note
that increasingly forcing conditions are also needed for
the comparable thermal decompostion of the dimethylamine
adducts Me NH.AlMe, (90°) (64), Me JNH. Gale ; (120°) (66) and
MegNHuBMe5 (300°) (67) into analogous dimethylamino-metal
derivatives (MegNMMeg) . Tris (di-t-butylmethyleneamino)

n 4
alane, (But20=N)5Al, has been prepared by reacting aluminium
hydride (from lithium aluminium hydride and aluminium

trichloride) with three equivalents of di-t-butylmethylene-
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amine (equation 1.56) (11). This is analogous to the

elimination reactions used to prepare tris(amino)alanes

from aluminium hydride and secondary amines (68).
3Bu’,C=NH + MH, .—————><But20=N)5A1 + 3H, 1.56

The methods so far described represent the most
generally used routes to methyleneamino derivatives of
metal or metalloids. Other approaches have also been

employed in specific cases (equations 1.57 - 1.58).

R,C=NH,C1 + NaBPhq——————%> R20=NBPh

5 5 + NaCl + 2C-H 1.57

2 676

R = Ph (69), p=tolyl (70)

Br Mg
R ,C=NE,C1 —2 R C=NBr —————> R C=NMgBr 1.58

R = Ph (Chapter 2)

An extensive survey of many methyleneamino derivatives
of metals and metalloids which have been reported and
characterised has been provided by the Ph.D. Thesis of
E. A. Petch of this laboratory. Material supplementary to
this is provided in Tables 1.1 = 1.4 which relate in parti-
cular to methyleneamino derivatives of magnesium, zinc,
tin (II) and (IV), and germanium, their mode of preparation
and azomethine stretching frequencies » (C=N). Material

from Chapters 2 and 3 of this Thesis is included.



Table 1.1

Methyleneamino~Derivatives of Magnesium

24 .

Method *
Compound R of V(C=N) -1 Reference
Preparation cm
Ph 1,2,3, 1630 11 and a
(R ,C=NMgBrTHF ) ,THF
p-tolyl 1 1624 11 and a
Ph 1,3 1605 a
(R,C=NMgBr ),
p-tolyl 1 1602 a
t
(320=NMgBr)2OEt2 Bu 1 le22 a
ERQC=N)2Mg] 2THF Ph 4 1655, 1613 11 and a
5
p=-tolyl 4 le6l, 1620 a
(R C=N) Mg By ? 4,6 1665, 1613 | 11 and a
. 2
Ph 4,5 1619 a
(R C=NMg(Et)OEt,)
p-tolyl 4,5 1619 a
(R,C=NMgEt) Bu® 4,5 1605 11 and a
Ph 5 1618 11 and a
(R C=NMgPh) N
Bu 5 1607 11 and a
Ph 7 1620 a
(R,C=NVMgEt ) ;TMED
p-tolyl V le18 a
Lng(NCRg)BOEtg Ph 8 1623 11
Li Mg (NOR ), Ph 8 1658, 1508 11

a: this work

* Nujol mulls

L] ° ] L o °

O~J o\ W+

methyleneamino) magnesium.

Methyleneamine and Grignard RMgX.
Nitrile and Grignard RM X.
N-bromomethyleneamine aBd magnesium.

Methyleneamine and dialkylmagnesium.

Methyleneaminolithium and Grignard RMgX.
Disproportionation of (BubtsC=NMgBr)
Methyleneamine and dialkylmagnesium/TMED
Methyleneamino lithium and bis(diphenyl-

with THF




Table 1.2

Methyleneamino-Derivatives of Zinc
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Method o *
Compound R of 9(C=N} -1 Reference
Preparation cm
Ph 1 1604 a
(R C=NH) ,ZnC1,
p~tolyl 1 1608 a
R C-NH.ZnC1, Bu® 1 1613 a
Ph 2 1604 P
(R,C=NZnC1),
p-tolyl 2 1600 a
By’ 2 1608 50
Ph 3 1624 1%
(R,C=NZnMe ), "
Bu 3 1592 50
(R C=NZnEt),, Ph % 1611 13
Ph 3,4 1607 50
(R,C=NZnPh).,
p-tolyl 3 1618 a
(RC(Ph)=NZnPh), p-tolyl 4 1605 a
R20=NHanPh2 p-tolyl 3 1607 a
RCN. ZnPh, Ph 4 - 13
p-tolyl 4 - a
{FR20=N)Z5] Ph 2 1600 13
0 p-tolyl 2 (1664), 1607 a
By® 2 168%, 1585 50

a: this work;
* Nujol mulls

o o o

oo

Methyleneamine and zinc chloride
Methyleneaminolithium and zinc chloride
Methyleneamines and zinc alkyl.

. Nitrile and zinc alkyl.
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Table 1.3
Methyleneamino-Derivatives of Tin(II)
Method
Compound R of D(C:N) 1 Reference
Preparation cm
REC=NH,SnCl2 Ph 1504 80
p-tolyl 1606 a

Bu? 1598 a

Ph 2 1564 80
(R20=N8n01)2

p-tolyl 2 1578 a

Bu® 2 1551

Ph 2 1603, 1570 80
(R20=N)2Sn p=-tolyl 2 1608, 1589 a

Bu® 2 1628, 1560 80
R20=NHC%§=N&£15%H8 Ph 2 1564 80

t
(RECN)gNSDECl5 Bu 3 1552 80
t

B 0
(Rch)5I%SDBCIB u 3 1534 8
Li (R,0N) 480 Bu® 2 1619 80

a: this work

* Nujol mulls

Methyleneamine and tin(II) chloride

2. Methyleneaminolithium and tin(II)

chl

3. Thermal decomposition of (But20=N)2Sn

oride

Iv
012




Table 1.4

Some Selected Methyleneamino Derivatives

of Germanium and Tin(IV)

\)
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Method *
Compound R of Y (C=N) _1 Reference
Preparation cm
R,0-NGeEr, Bu® 1 1624 49
R20=NGeCl5 Pn 1 1609 80
(RpC=N)GeBr, Bu® 1 1646 49
: t
(R C=N) JGeCl Bu 1 1645 49
Ph 1 1610 80
(R,C=N) 4GeC1 Bu? 1 1652 49
(REC:N>4G6 Ph 1 1601 49
p-tolyl 1 1598 49
(R,0=N) ,8nC1, Bu® 1 1627 80
Ph 1 1607,1553 80
(R20=N)BSDCI Ph 1 1612,1535 80
Bu® 1 1627 80
(R,C=N), Sn Ph 1 1590 49
2 4 £
Bu 1 1627 80
t
= B
(R20 N)6Sn2 uA 2 1635 80
R,C=NHSnC1, Bu" 3 1641 80
(R ,C=NH) ,81C1,, Bu® 3 1662,158% 80
1. Methyleneaminolithium and GeXu/SnCI4
2. Lithium tris(di-t-butylmethyleneamino)tin(II)
~ and tris(di-t-butylmethyleneamino)tin(IV)chloride
3. Methyleneamine and tin(IV)chloride

*Nujol mulls



28.

1.5 Btructures and Bonding of Methyleneamino Derivatives

of Metals and Metalloids

Considerable interest has been focused on the shape
and bonding of the -C=N-M linkage. Several structures are

possible for the N=metallated methyleneamino unit (Figure 1.1)

with the ligand acting as a one or three electron donor.

A non-linear structure (Figure 1l.1(a)- with the ligand gct—

ing as a one electron donor, with sp2 hybridisation at N,

the lone pair of electrons formally occupying an sp2 hybrid
orbital, and the angle CNM being about 120° - has been
demonstrated by lH—NMR spectroscopy at room temperature for

a number of N-organomethylenecamines, RIRAC-NR ¢71=-75), and at
- 500 for di-t-butylmethyleneamine (75). Such a structure

may be expected for any derivative in which there is no
bonding-interaction between the lone pair of electrons on

nitrogen and the N-attached substituent eg in R1R2

C=N1VIXn
where M is co-ordinatively saturated. If the metal how-

ever is co-ordinatively unsaturated then saturation may be

1 1 1
R " R M R
C=:(:> \\~C==N”/W ™ N::C//
R2/ AN 2" \M/ \R2
MX
n Xn
(a) (b)
1
R
\/‘C:N-——‘- MK
22
(c)

Figure l.1
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achieved by donation of the lone pair on nitrogen -
i.e. the establishing of N2?M dative J -bonds the ligands
thereby becoming three electron donors - to a gecond metal

atom of an adjacent monomer (Figure 1.1 (b). Formation of

associated molecules, often dimers or oligomers is a
consequence. Alternatively, particularly when association
may be prevented because of steric hindrance between Rl
and R2, co-ordinative saturation may be achieved by means

of N2M dative T-bonding (Figure 1.1 (c). An increase in

bond order between M and N results, with appropriate
shortening of the bond length from that of a single M-=N bond.
In this instance maximum overlap between the N p-orbital,
which contains the lone pair, and the vacant p or 4 orbitals
on M is achieved when the C=N-M unit is linear at N with
modification of hybridisation to sp (Figure 1.2 a and b shows
cases of (p»p) and(b—»dﬁ%onding respectively). Whilst it

has been shown for a nitrogen—siliconTVLbond that considerable

~ O 0 RAQYZ
0 0 /C"g‘%m
) (b)

(a

Figure 1.2

(p=—>ad) W/=interaction is possible even in a bent or non-=
linear skeleton (76), none the less such interaction is
maximised by a linear arrangement, and therefore the angle

at nitrogen may be a significant criterion in the establishment
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of dative ﬁ/—bonding, The influence of steric hindrance

on structure is demonstrated in series of methyleneamino
derivatives of various metals or metalloids. These include
several bis(methyleneamino)beryllium derivatives

i)
[(RIRCC=N)2B% for which the degree of association -

g 2

polymeric (Rl = = Ph) trimeric (Rl.= R

2 _ pyt, gl . g2

= p=tolyl), and

dimeric (R' = p-tolyl, R - R® = Bu')- is reduced
significantly as the steric demands of the groups Rl and

R2 increase (48). Crystallographic data for dimeric bis(

di—t-—butylmethyleneamino)beryllium,[-(ButgcgN)gBe]2 (Figure 1.3)
M = Be), shows the molecule to contain two types of imino-
group, bridging and terminal. The latter units have almost
linear C-N-Be units, with C-N-Be angles 1610, and the bond
lengths consistent with substantial N——»Be(p—»p)ﬁj—bonding
(77). A series of methyleneaminoboranes, RIREC=NBPh2, also
evidence the effect of steric hindrance for when Rl = R2 =
Ph, p-tolyl, anC6H4(X = Cl, Br) the structuresare monomeric
but the derivative with Rl = Ph,R2 = H is dimeric viz.
(PhCH:NBPh2)2 (70). Similarly in the bis(methyleneamin»)
magnesium series described in Chapter 2, l}R2C=N)2Mé] yTHF,
trimeric structures are obtained with co-ordinated TH% for

R = Ph, p-tolyl (x = 3; y = 2) but bis(di-t-butymethylene-
amino)magnesium appears to be dimeric without co-ordinated

solvent. Its structure is assumed to be similar t& its

beryllium analogue (Figure 1.3 M = Mg) with both bridging

and terminally attached methyleneamino ligands. The bonding

capacity of the three-co-ordinate magnesium is presumably
J'J

saturated by N—>Mg dative (p—>p)W bonding and the C=N-Mg

units are likely to be near linear.
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But BuJC
~N
C
I
But ////:N\\\ But
>0:NﬁM | — N:C\/
But \\\ N//1 But
I
N
But But
Figure 1.3

1

When the groups R~ and R2, in the methyleneamino derivative

R1R2C=NMXD, are small then the groups attached to the metal,
viz Xn’ may influence the degree of association. An inte-
resting example of the subtlety of this influence may be
gseen in the monomeric nature of fluorenylmethyleneaminodi-
phenylborane, 012H80=NBPh2, and its more associated isomer
diphenylmethyleneaminofluorenylborane, (Ph20=NB012H8)n. The
increased steric demand of the fluorenyl group when placed
nearer to the C=N-B unit is thereby demonstrated. (70) The
methyleneamines employed in the course of the studies out-
lined in this work were diarylmethyleneamines, R20=NH(R = Ph,
p-tolyl), and di-t-butylmethyleneamine, the latter being

particularly useful. It avoids the problems of ketimine-

enamine tautomerism (equation 1.60) inherent to dialkylmethy-

leneamines possessing & -hydrogen atoms - the presence of the
enamine form of the N-organosilyl-methyleneamine, PhMeC=NSiMe5

(viz PhCHé:CNHSiMeB) was detected by the presence

R R
TS ONH — ™~ C-NH, 1.60
/ \ %

cH CH,




of olefinic protons in the MR spectrum (78) - provides
bulky substituents which discourage associatiosn via
methyleneamino bridges, and furthermore furnishes a
simple lH—N’I".[Rspectroscopic probe. Several methd>ds for
the determination of the linearity of the C=N=M unit have
been explored. The most conclusive technique is that of
X-rgy crystallographic analysis but as this is not always
possible, various spectroscopic means have been employed -
in particular, infrared, nuclear magnetic resonance and

ultra-violet.

1.6 Spectroscopic Studies of Methyleneamino Derivatives

l.6.1l. Infrared spectroscopy

The methyleneamine stretching frequences Y (C=N) of

some symmetrical di-substituted methyleneamines R2C=NH are

provided in Table 1.5

Table 1.2
Y (C=N) For Selected Methyleneamines, R20=NH
(O
R v \C_Ncﬁl Reference

Ph 1603 79
pMeC6H4 1610 a
prt 1645 79

t

Bu 1604 80

a:this work

32,
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The change in this value when the N-attached hydrhgen is
replaced by other groups has been used to provide structural
data concerning the srganometallic derivatives i.e. the no>n-
linearity/linearity of the C=N-M unit and consequently the
extent of N—>M dative Tf;bonding. For a methyleneamino
derivative, R,C=NMX , an increase in V(C=N)- relative to the
parent imine- generally occurs when the C=N-M unit approaches
linearity. ©Such an increase has been explained in terms of
a coupling between the C=N and N=M vibrations (maximised by
the linearity of the cumulativewj-bonded system) and the
observed high energy absorption has been éssigned to the
asymmetric stretching vibration of the C=N=M unit (81).
Valid comparison can be made with a similar increase in Y(C=N)
which is observed on co=ordination of methyleneamines to
strong Lewis acids eg BF3 (8), paralleling a shift to higher
energy which occurs on co-ordination with nitriles (6).
The latter is believed to arise partly from the mechanical
constraint which is applied to nitrogen on cn-nrdination
(82-84), although crystallographic data demonstrates that
co-ordination results in a slight increase in bond order
and bond strength i.e. a shortening of the C=N bond (85,86).
The increase in Y(C=N) for co-ordinating methyleneamines
and linear C=N=M units may also result in part from bond
order changes, though no firm evidence of this has been
obtained.

Table 1.6 provides azomethine stretching frequencies
Y (C=N) for selected methyleneamino metal derivatives whose

structures have been determined by X-ray crystallography.




Table 1.6

9(C=N) For Some Methyleneaminometal Derivatives

34

Compound '>(C=N)Cal Reference
(Bu"0W) B | 1739, 1637 77
Ph20=NB(C6H2Me5)2 1792 70
| (But20=N)BB 1730 11
(Ph,C=NMgBrTHE ), THF ;650 87

Compounds having more than one absorption may be assumed to

possess more than one methyleneamino unit and if the

absorptions are widely separated these might arise from

terminal and bridging imino groups.

higher value is assigned to the terminally attached ligand,

In such instances the

the lower value being assigned to the bridging ligand.

two

Hence for dimeric bis(di-t-butylmethyleneamin»)beryllium the

absorptions due to the terminal and bridging ligands are

1759cﬁl and 1657051 respectively. The argument used fo>r such

assignments is that linear units allow the maximum overlap

of nitrogen p and metal p/d orbitals with the consequent

maximisation of N—M dative WW-bonding.

In the methylene-

aminomagnesium derivative, (Ph20=NMgBrTHF)2THF, discussed in

greater detail in Chaper 2, the single absorption at 1630cm
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is attributed to bridging ligands. Although no X-ray
crystallographic studies have been done on methyleneamino
magnesium compounds possessing both terminal and bridging
ligands it is of interest that in a series of bis(methylene-
amino) magnesium derivatives - discussed in detail in the
next chapter - all of which possess both terminal and
bridging units, two absorptions in the azomethine stretching
region are observed. The lower frequency absorption (1605-
1620 c@it and the higher frequency absorption (1655-1668 cat
are assigned to bridging and terminal ligands respectively.
In the latter case there is gonod reason to expect a virtually
linear C=N= Mg unit with substantial N— Mg (p-p)T -bonding
The azomethine stretching frequency thus reflects the
skeletal geometry of the molecule but other factors also
influence thechanges in absorption frequencies. Such factors
involve a consideration of the nature of M and Xn in the

derivatives RlR20=NMXn.

(a) The nature of the central metal M

The manner in which 9(C=N) depends upon the nature of M
is illustrated in Table 1.7/ where the structures of the methy-
leneamino derivatives in each of the two groups of selected
compounds are believed to be similar if not identical. The
change in V(C»N) is influenced by the electronegativity of
M, its mass and its capacity to sigma—and pi-bond, all of
which factors may be involved in frequency changes. Indeed,
that it is not possible to isolate a single parameter to
rationalise the changes shown, can be exemplified by consi—

dering a single factor such as the size of the metal. The




36.

Tﬂﬂelqz

D(C:N) Frequencies of Related Methylepeamino Derivatives

of some Groups II and IV Elements

Q(CcN)terminal 9(C=N)bridging
Compound M cﬁl el Reference
Bub c=N) Be 1732 1627 54
2 2 5
Mg 1668 1605 a
Zn 1683 1585 50
Ph20=NIVIPh5 Si le62 - 78
Ge 1633% - 78
Sn 1613 - 78

a:this work

extent and efficacy 'of orbital overlap, between the nitrogen
lone pair in the p-orbital and a vacant metal p/d, orbital, will be
greater when M is of similar size to N and hence the smaller

the atom M the more effective will be the dative'W;bonding with
nitrogen and this should be reflected in the stretching frequency
9(C=N)° Whilst the consequential effect is well shown for the
three Group IV methyleneamino derivatives, Ph20=NMPh5, M = 8i, Ge,
Sn, the trend observed in Group II compounds EBut2CnN)2@]2

M = Be, Mg, %n, is by comparison inconsistent.

(b) The nature of the substituents on M

For methyleneamino derivatives R2C=NMXn the nature of X may
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influence the metal-nitrogen bond, and therefore D(C:N),
by both W and & effects. The W/—bonding capacity of X may
be of importance since as well as competing with the N-
lone pair for the orbitals of M, any X—=M ﬁ/—back donation
would reduce the ability of M to accept futher electron
density from nitrogen, so weakening the N-M bond and
tending to reduce °(C=N), Electron releasing/withdrawing
groups also effect the strength of M=N bond and therefore
v(C=N). Flectron withdrawing groups increase the polarity
of metal-nitrogen T bond strengthen the bond and may well
'induce' N=M dative ﬂ/;bonding i.e. increasing Y (C=N).
Electron releasing groups, on the other hand, will weaken
the M=N ¢ -bond by reducing its polarity and hence reduce
9(C=N). Table 1.8 shows the azomethine stretching
frequencies of some substituted methyleneaminoboranes

which demonstrate these points.

(¢c) The nature of the alkyl or aryl group R

The azomethine stretching frequencies, 9(C=N) for

RIRe

C=NH does vary with the nature of Rl and 32 - see
reference (8) for example, and the degree of variation is
at least comparable with that caused by the substituent on
nitrogen already considered. This therefore is another

factor which could swamp other influences when specific

comparisons are being made.
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Table 1.8
Azomethine Stretching Frequencies, 9(C=N) cﬁl, of some
di-t=butylmethyleneaminoboranes
Compound 9(C=N) Reference
Bu®,C=NBC1 1839 92
2 2
Bu®,C=NEPh, 1820 * 92
Bu® C=NBBu" 1821 92
2 2
t
Bu®,C=NBEt, 1818 57
Bu® C=NEF 1796 ** 11
2 2
P 0
Bu® C=NB_ o] 1736 11
NMe
But w8 1739 * - 11
27N
NMe
* pentane solution; ** Nujol mull; all others liquid films

1.6.2, Nuclear Magnetic Resonance Spectroscopy

The lH-—NMR spectra of methyleneamine derivatives may
in principle, be used to deduce whether the C=N=M unit is
linear or bent. For this purpose, in this study, the sub=

stituent groups R in the methyleneamine unit R20=N were
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chosen in order to give a singlet signal. In this context,
suitable groups chosen were R = But, pMe - 06H4 but the

use of the phenyl group is spectroscopically disadvantageous
because of the complexity of the phenyl lH=NMR signals. The
general basis of the use of the methyleneamino unit R20=N

as a probe for the purpose already described may be illust-

rated by reference to Figure 1l.4. The linear skeleton

(Figure l.4 (a) has both R groups in magnetically equivalent

environs,but a bent structure (Figure 1.4 (b) shows the R

groups to be magnetically inequivalent. In the former case
therefore one signal is expected but in the latter case, in

principle, two absorptions would be anticipated.

R . R

C=N == M-X_ e

\
- N
R R/ MX,,

(a) (b)

Figure 1.4

In practice however the scope of NMR spectroscopy as a means
of determining the linearity of the C=N-M skeleton in the
methyleneamino derivative R20=NMXn is restricted by the
relative gase with which inversion can occur in the bent
system and the two signals expected of the skeleton are rarely
observed at room temperature. Indeed as a result of the rapid
inversion between the syn-and anti-isomers, only one signal

is observed for both R groups despite their formal magnetic

inequivalence (Figure 1.5). The rate of inversion, however,
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may be reduced on cooling and sufficiently relative to

the NMR time scale, to allow resolution .

Figure 1.5

As a cautionary note therefore, if a singlet is observed
at the lowest temperature obtainable for the sample then
such may imply either that the C=N-M unit is linear or
that inversion at the nitrogen of a non-linear unit is
still occurring at a high rate, relative to the NMR time
scale, despite the low temperature. Thetopic of syn-anti
isomerisation in methyleneamines has been reviewed by
McCarty (89) and it appears that steric effects play a
significant role in the isomerisation process. In the
series MeC(R): NCH(Me)Ph - i.e. N-alkylated or N-arylated

methyleneamines - where R = Et, Pri, Bu®

the syn-anti
isomer ratios were 17:8%, 7:92 and 0:100 respectively (73,

75). For the less sterically hindered Me.C=NCH Ph, on the

2 2

other hand, the methyl resonances were observed as separate
signals even at 170°C. The activation energy for the
inversion at nitrogmn (90) and phosphorus (92) of Group IV
compounds has been determined and a study of the system
PEP(R)-MMe, (91) (R = Me, Prl and M = C, Si, Ge and Sn)
revealed that the barrier to pyramidal inversion at P is

correlatable to the electronegativity of M - the higher the

electronegativity the higher the energy barrier. Additionally
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the lH-=NMR spectrum of (pCF HA)PhC:NGeMe3 (90) below

36
-110° consisted of two overlapping singlets corresponding
to the syn and anti forms which coalesced at -1080,
becoming a sharp singlet at temperatures above —7000.

In conclusion therefore NMR spectroscopy has proved
helpful in detecting bent structures of a few methylene-
amino derivatives such as the trimethylgermyl system above.
It has also afforded the simple structures expected of
linearly attached systems in several instances where near
linearity of the C=N-M skeleton has been subsequently
established by X-ray crystallography. However since simple

spectra could have arisen by rapid inversion of bent struc-

tures NMR evidence of linearity is never unambiguous.

1.6.3 Ultra-violet Spectroscopy

The only reported study of the ultra-violet spectra of
N-metallated methyleneamines has involved an investigation
of a series of diarylmethyleneamino derivatives of metals
and metalloids of Group IV (Si, Ge and Sn) (78). The
findings showed that for each spectrum, two absorptions
were observed, a long wavelength band of low intensity at
about 550—580mlk and a more intense short wavelength band
in the range 240-260mp . The former lower energy absorption
was attributed to the n———aﬂ} transition involving the
excitation of an electron in the non-bonding orbital of
nitrogen to the antibonding %" _orbital of the C=N bond,
whilst the latter higher energy absorptions corresponds to
the TW——>T transition of the C=N=M  T-system. The

‘qualitative energy level diagram of C=N-Si (Figure 1.6)




Energy levels for the C=N-Si group
Fig.1. 6.
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shows that silicon substituents, SiXB, on the nitrogen

atom of the methyleneamino group decrease the energy
required for n-—-}:ﬂ:s transitions as a consequence of p—>d
Wl—interaction between nitrogen and silicon and the electro-
positive character of the metalloid. This dinteraction
would be greatest if the C=N=5i skeleton were linear and
therefore the influence of the SiX3 group on the n———>ﬂj
transitions would be greatest if linearity occurred. In
practice however, the n——eﬂb transition frequency for a
series of methyleneaminosilanes, R2C=NSan (X various T -
donating sunstituents on silicon eg phenyl, vinyl, alkoxy
and amino groups) showed no significant change with X, and
this was interpreted in terms of a non-linear C=N-=-Si unit,
with little N==8i T -bonding. But significant (p—d)T -
bonding has been shown to be possible even in a bent or non-
linear C=N-Si skeleton (76) and therefore, if the energy of
the n and ﬂ} levels are reduced by about the same increment
as a result of substitution at nitrogen, the observed n—#TF
transition frequency for each compound will be about the
same. Since (p-+d) T interaction is possible in both linear
and non-=-linear C=N-=5i skeletons, then the results may well
accommodate both structural types. This has been verified,
by implication at least, by X=ray crystallographic studies
on similar compounds to those mentioned above viz (Ph20=N)4M
(M = Si, Ge, Sn) results of which show the molecules to

~
have bent structures with substantial (p—d)# bonding in




CHAPTER 2

SOME METHYLENEAMINO DERIVATIVES OF MAGNESTIUM




2.1 Introduction

The work in this section was prompted by the discovery
that a methyleneaminomagnesium halide - ether adduct, pre-
pared in an earlier study (11), contained one ether mélecule,
the presence of which had not been detected by analytical
methods, co-ordinated in a most unusual way. The compound
in question was thought to be bis(diphenylmethyleneamino-
magnesium bromide)bis-THF, (Ph20=NMgBr)2(THF)2, but a cry-
stallographic study (87, 90) showed the mhlecule t5 contain
an additional molecule of tetrahydr>furan with unexpected
features. The structure of this adduct, (Ph20=NM'gBr)2(THF)3

is now described.

The X-ray Crystal Structure of the Diphenylmethyleneamino-

magnesiﬁm Bromide Tetrahydrofuran Adduct

Mg B, (THP) ,( 4 =N:CPh,) (W-THF)

Crystals of the adduct were prepared as described in
section 2.4 (i) - page 86 and, on the basis of spectroscopic
data, it was thought to possess a terminally - co-=ordinatd
methyleneamino group. The crystallographic study however,
established the compound as being dimeric with bridging
methyleneamino ligands and a bridging tetrahydrofuran mole-

cule (I;Figures 2.1 and 2.2).

Each magnesium atom of the dimeric molecule, (Ph20=NMgBr)2
(THF)B, is five = co=-ordinate, being co-ordinated t> bo>th
a terminal bromine atom and tetrahydrofuran molecule and
also bridged by two diphenylmethyleneamin» units and a
tetrahydrofuran molecule. The Mg2N2 ring is non-planar, the
two diphenylmethyleneamino units being folded slightly away




_Eijure 2.1 <Ph,1C'vN M‘?gr)z 3THF
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from the bridging THF molecule (the dihedral angle between
the MgNMg planes is 1540)° A common feature of molecules
which involve small bridging atoms eg carbon, nitrogen, and
oxygen is the relatively small cross-ring metal-metal dis-
tances. In this compound the cross-ring Mg----- Mg distance
(2.89 8) compares favourably with such parameters in other
molecules viz, 2.85 & in (ButOMgBrOEtg)2 (95), and 2.94 %
in (MezNCHQCHEN(Me)MgMe)2 (96). Correspondingly, bridging
through larger atoms such as chlorine and bromine allows
greater metal-metal separations = 3.73 R in &EkMgecla(THF)%
(97), 3.53 R in (EtMgBrNEt)  (98) and 3.20 2 in
M84Br6O<OEt2)4 (99). Where bridging units involve electr>n-
deficient alkyl units, with small bridging angles and con-
sequently smaller metal-metal separations, representative
Mg-----Mg distances are 2.67 3. and 2.72 i in polymeric di-
ethyl (100) -~ and dimethyl (101) - magnesium respectively,
significantly less than the cross distance observed in this
structure.

The bridging magnesium - oxygen distance (Mg - Ob) of
2.45 ﬁ is unusually long when compared with the Mg - Ot
distance of 2.07 K, but significantly shorter than the min-
imum separation expected for non-bonded magnesium and oxygen
atoms (3.25 X) (102). These bridging Mg - O bonds are
effectively opposite to the terminal Mg - O bonds, the OMgO
angle being 1730, and may well Jjustify the classification
of this interaction és being 'secondary' (103). The remain-
ing bonds to magnesium, Mg - Ot’ Mg - Nb and Mg = Br are of
normal length and are similar t» those repsrted for related

organomagnesium compounds, for example (MeENCHZCHZNMeMgMe)2
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(96), (EtM’gBrNEt5)2 (98), EtMggclB(THF)5 (97), PhMgBr(OEt2)2
(99), and MeMgBr(THF)3 (104). Likewise the C=N bond dis-
tance lies within the range of values normally found in
co-ordinated methyleneamino groups, where the N-atom is
sp2 hybridised, such as in dimeric bis(di-t-butylmethylene-
amino)beryllium (77).

This chapter as a whole, supplementing, amending and
extending some earlier work of E. A. Petch (11), describes
the preparation and properties of some methyleneamino-
derivatives of magnesium. Their spectroscopic and struc-
tural characteristics are discussed and compared with re-
lated compounds. In general the reactions studied involved
the use of Grignard species, such as RMgBr (R = Pri, Et,

Ph) and diethylmagnesium, and methyleneaminesR2C=NH(R = Ph,
p-tolyl, But) and their lithium derivatives.

The most widely used route to the synthesis of methy-
leneamines has involved the insertion of a nitrile into
the Mg - C bond of a Grignard reagent and subsequent con-
trolled hydrolysis of the methyleneaminomagnesium product

(equation 2.1). Although methylenecaminomagnesium halides

lo-NMgXx ——» Rrlc-NH 2.1

RC=N + R MgX———>RR
feature as intermediates in the reaction, 6 little attention
has been given to the methyleneaminomagnesium species
involved, and until this work, the reactions between nitriles
and Grignard reagents was the only established route to such
compounds. In the work about to be described, the tw»o prin-
cipal routes to methyleneaminomagnesium derivatives invo>lved

pathways already established in the synthesis of related

methyleneamino derivatives of both beryllium and zinc.
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These reactions involved (i) methyleneaminolithium and
metal halides and (ii) methyleneamine and metal alkyls.
The reaction between methyleneaminolithium and Grignard
reagent - the latter being the metal halide in the con-
text of this chapter - proceeded at a convenient rate,

although separation of lithium bromide and the desired

R,C=NLi + R'MgBr 5 R,C=NMgR" + LiBr 2.2

1

R = Ph, p-tolyl, Bu'; RY = Ph, Et

organomagnesium derivative (equation 2.2) was not easy,

and not always successfully achieved. The use of methy-
leneamines and magnesgium alkyl derivatives involved no

such complication (equation 2.3) although occasionally

nR,C=NH + Et,VMg ——(R,C=N) MgEt,__ + nEtH 2.3

n=1, 2; R = Ph, p-tolyl, Bu®

the product of the equimolar reaction, formally the
methyleneaminoethylmagnesium derivatives, evidenced traces
of the bis(methyleneamino) magnesium complex. Nevertheless
reactions between alkylmagnesium compounds and methylene-
amines were the most frequently employed, and indeed

most successful route, to methyleneaminomagnesium compounds.
Methyleneaminomagnesium bromide derivatives, for example,
were prepared by the use of i-propylmagnesium bromide

(equation 2.4) whilst in preparing methyleneaminoethylmagnesium

R,C=NH + Pr'MgBr— 5 R,C-NMgBr + PrH 2.4

R = Ph, p-tolyl, Bu®

and bis(methyleneamino) magnesium compounds, diethylmagnesium

was employed (equation 2.3). The preparation of diphenyl-
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methylencaminomagnesium bromide was also accomplished,
although in small yield, by the reaction between
N-bromodiphenylmethyleneamine, made by reacting bromine
with diphenylmethyleneamine hydrochloride (105), and

magnesium (equation 2.5).

Mg
Ph,C=NH——— Ph,C=NH.HC1— Ph,,C=NBr— Ph C=NMgBr 2.5

Generally, under the conditions employed, there
seemed to be little difference in the reactivities of
the three methyleneamines studied, R20=NH (R = Ph, p-tolyl,

But), nor in the yields of products.

2.2 Discussion

The new methyleneaminomagnesium compounds are listed
in Table 2.1. Their azomethine stretching frequencies,

Y (C=N) are summarised in Table 2.12 (page 85) and the

experimental section follows this (Section 2.4 page 84 ).

Characterisation and Spectroscopic Properties of the New

Methyleneaminomagnesium Compounds

To facilitate a comparison of these compounds with
analogous beryllium and zinc systems, the new compounds

are arranged in three groups.
Table 2.1

The New Methyleneaminomagnesium Compounds

Group A: General formula type (R20=NMgBr)2L (1)

X

(Ph20=NM'gBr)2(THF)3 (I; R = Ph, L = THF, x = 3)
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Group A contd.

3)

{(p=tolyl)2C=NMgBr}2 (THF)3 (I; R = p=tolyl, L = THF, x
(Ph,C=NMgBr),(THF)., (I; R = Ph, L = THF, x = 2)

{(p—tolyl)2C=Nl"lg;Br}2(THE‘)(2 (I; R = p=tolyl, L = THF, x = 2)

t

(Bu®0=NMgBr), OEt, (I; R = Bu®, L = OBty; x = 1)

Group B General formula type I;RECﬂng} (THF)X (II)
n

{(Ph2C=N)2Mg}5 (THF),  (II; R = Ph, n = 3, x = 2)

[{(p-tolyl)gCﬂ\T}gngI (THE‘)2 (II; R = p-tolyl, n = 3, x = 2)
3

[(But20=N) l"% (II; R = But, n=2,%x=0)
2
2

Group C General formula type (R2C=NMgX)an(III)

(Ph20=NMgEt)n(OEt2) (ITI; R=Ph, n =m, X = Bt, L = OEt2)
n
{(p—tolyl)2C=NMgEt} (OEtz)n (ITI; R = p=tolyl, n = m, X = Et, L= OEt,)
n .

But, X =Et, m = o)

(Bu®,C=MgEt)_ (IIT; R
(Ph2C=1\TMgPh)] (ITI; R = Ph, x = Ph, m = o)
(Bu®,0=NMgPh) ~ (III; R = Bu'; x = Ph, m = o)

Ph, X =Et, n=2,m=1, L = TMED)

(Ph20=NMgEt)2TMED (I1I; R

{(p=tolyl)2C=NMgEt}2TMED (IIT; R = p-tolyl, X = Et,n=2, m = 1,
L = TMED)

2.2.1 Group A

The compoundslisted in this section are the adducts of




diphenyl- and di-p-tolyl-methyleneaminomagnesium bromide
with tetrahydrofuran(THF), viz (R20=N)2MggBr2(THF)X

(R = Ph, p-tolyl, x = 2,3), and the adduct of di-t=butyl-
methyleneaminomagnesium bromide with diethyl ether,
(Bu®,C=N) Mg ,Br,(OEt,,).

Diphenyl= and di-p-tolyl-methyleneaminomagnesium
bromides, R,C=NMgBr (R = Ph, p-tolyl), prepared in ether
solution either from the appropriate nitrile and PhVMgBr,
or from the parent methyleneamine and PrngBr, aré off-
white amorphous solids which readily disolve in THF from
which pale-yellow crystalline adducts of composition
(R20=N%ﬂg2Br2(THF)3, R = Ph, p=tolyl, are recoverable. The
structure of the diphenylmethyleneaminomagnesium bromide

THF adduct (I; Figures l.l1 and 1.2) has already been dis-

cussed in Section 2.1 and presumably the analogous

di-p=-tolylmethyleneaminomagnesium bromide THF adduct is
similar. In both of these tris-(THF) adducts, one of the
THF molecules, presumably the bridging one, can be removed
under reduced pressure, and evidently separates when the
adduct dissolves in benzene in which M, by cryoscopy is

379 and 410 (I requires M, 795 and 841 for R = Ph, p-tolyl
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respectively). The residual compounds, (REC=N)2Mg2Br2(THF)2

(R = Ph, p-tolyl), which can also be prepared directly from
equimolar proportions of R20=NMgBr (R = Ph, p-tolyl) and
THF, are also soluble in benzene, their molecular weights,
by cryoscopy, being 496 and 520 respectively. Although
these values are by themselves inconclusive = the dimeric

formulations requiring molecular weights of 713 (R = Ph)




and 769 (R = p-tolyl) infrared evidence, based on the
established structure of I (R = Ph) and discussed in
greater detail later, shows the methyleneamino unit to
be a bridging ligand. Accordingly the structure proposed
for these bis(THF)adducts (REC=N)2Mg2Br2(THF)2, R = Ph,

p-tolyl (II) is shown in Figure 2.3 with bridging

Br THF
N
Mg

R AN R
C=—=N N=— C\\\
R’// \\g /// R
Mg'\
Br/// THF

(II) Figure 2.3%

methyleneamino ligands and four-co-ordinate magnesium.
The bis(THF) adduct (II; R = Ph) gives a different X-ray
powder diffraction pattern to I (R = Ph) and recrystalli-
sation of (II) from THF regenerates I.

The influence of the bulk of the substituents upon
the association number of methyleneamino- derivatives of

Group II elements beryllium and zinc is well established,
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and will be detailed in the next section. Related diphenyl-,

di=-p=tolyl= and di-t-butylmethyleneamino derivatives fre-

quently illustrate the reduction in the degree of association

of related compounds as the bulk of R in the methyleneamino-

ligand, (R20=N), increases. The steric demands of such
ligands would appear to follow the sequence

(Ph0=N) ~ (p-tolyl),C=N & { (Bu',C=N) and whilst little
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difference is demonstrated between related diphenyl- and
di-p=-tolyl-methyleneamino derivatives, significant changes
occur when the di-t-butylmethyleneamino ligand is employed.
Generally this study of methyleneaminomagnesium compounds
would endorse this trend and, in particular, the similarity

in the methyleneaminomagnesium bromide THF adducts,
(R20=NMgBrTHF)2(THF)X (R = Ph, p=tolyl; x = 0,1), has
already been established. It was hoped therefore, from the
reaction between di-t-butylmethyleneamine and i-propylmagnesium
bromide, an organomagnesium derivative might be prepared

where the bulkier di-t-butylmethyleneamino ligand might
stabilise magnesium in a low co-ordinative state. The
reaction proceeds smoothly and the product di-t-butylmethy-
leneaminomagnesium bromide, (But20=NMgBr)n, is ether soluble.
This contrasts with the insolubility of (R2C=NMgBr)n R = Ph,
p~-tolyl) in ether and suggést di-t-butylmethyleneamino~
magnesium bromide is less associated that the corresponding
phenyl- and p-tolyl derivatives. Furthermore (But2C=NMgBr)n
does not form an adduct with THF but instead disproportionates
to yield solvated magnesium bromide, MgBrZ(THF)4 and

bis(di-t-butylmethyleneamino)magnesium (equation 2.6).

t X t
Bu 2C=NMgBr < (Bu 2C=N)21"Ig + MgBr2 2.6

From the solution of (But2C=NMgBr)n in ether, yellow etherated
crystals were obtained which, on the basis of analytical and

infrared evidence, estimation of co-ordinated ether liberated
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by pyrolysis and molecular weight determination by
cryoscopy in benzene, were formulated as (But2C=NMgBr)2OEt2.
Such a formulation suggests bridging (But2C=N) units and

a bridging ether molecule, the latter feature causing the

magnesium atoms to be four-co-ordinate (Figure 2.4).

Br
t t
Bu Bu
C——— N Et C
e AN
But \\\\\\\ ////// But
Br
Figure 2.4

In benzene, the bridging ether may also separate (M by
cryoscopy 297, formulation requires 563). An X-ray
crystallographic study proved abortive, the sample deterio-
rating markedly in the X-ray beam during data collection

and its instability therefore prevented the accummulation

of adequate information (106. Hence whilst the t-butylmethy-
leneamino ligand has not established a three co-ordinate
state for magnesium, its increased steric demands and the
effects of such, relative to the phenyl and p-tolyl ligands,
are evident in the structures of the series of methylene-=

aminomagnesium compounds discussed thus far.

Spectroscopic Properties

The established role of the methyleneamino unit as a

bridging ligand in these compounds necessarily requires the
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C=N-M skeleton to be non-linear. Consequently the
frequencies of the methyleneamino stretching absorptiqns,
Y (C=N), in the infrared spectra of the new compounds can
be assigned with confidence to bridging methyleneamino
ligands. These absorptions lie in a well defined region

1

from 1602 - 1630 cm (Table 2.2).

Table 2.2

The Methyleneamino Stretching Frequencies, 9(C=N) of the

Adducts of (R20=NMgBr)2 with (i) THF, R = Ph, p-tolyl and

(ii) Et,0, R = Bu"

Compound (N )’.(C=N) ot

ujnl Mulls)
(Ph C=NVgEBr), (THF), 1630
(Ph C=NMgBr), (THF), 1605
{(p—t 0lyl),C =NMgBr}2(THF) 3 1624
{(p-—tolyl ) 2C=1\TMgBr}2(THF)2_ 1602
(Bu®,0=NMgBr), OEt, 1622

It is of interest to note at this stage that all the new
methyleneaminomagnesium compounds discussed in this
Chapter have methyleneamino (azomethine) sﬁétching fre-
quencies in this range and consequently their proposed
structures also contain bridging methyleneamino ligands

(Table 2,12; page 85 ).




The details of the lH-»NMR gpectra of these compounds
are provided in Table 2.3

Table 2.3
A

The lH—NMR of Some New Methyleneaminomagnesium Compounds

Compound j’ values in ppm 2

(Ph,C=NMgBrTHF) ,THF 3.0,3.12,3.45(c)(10);

6.70(c), 8.98¢c (11)
(Ph,C=NMgBrTHF),, 2.77,3.08,3.16¢c (5);

6.62c, 8.92¢ (4)
zp—tolyl)ZC=NMéBrTH; 2THF 2,58,2071,5,15,5.280(18)
- - 8.16s (12); 6.56¢, 8.88c (24)
zp-tolyl)20=NMgBrTH£ ., 2.67,2.78,3.04,%3.,23,3,34c (16);
- - 8.19s (13); 6.53c, 8.82c (17)
(Bu®,C=NMgBr) ,0Et, 8.95(s); 6.64 - 6.98¢c;

8.92, 9.06, 9.20t °

*
Spectra taken in C6D6 at'“’40°C; s = singlet; c = complex;
t = triplet.

& Reference standard employed external TMS Ar = 10,
b

Poorly resolved spectrum, proton intergration impossible.

For the adducts (R20=NMgBrTHF)2(THF)X R = Ph, p-tolyl;
x = 0,1, the complex absorptions between 7/(2058 — 3,34)

are attributable to protons on the aromatic ring whether
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phenyl or p-=tolyl; the singlet peaks due to the methyl
protons on the (p-tolyl) units are about T-8.16 - 8.19,
whilst the peaks assigned to co=ordinated tetrahydrofuran
are in the regions'r; (6.53 = 6.70) and (" (8.82 - 8.98),
the relative intensities of these peaks supporting the
structures already assigned. Interestingly the spectra
of (Ph20=NMgBrTHF)2 (THF)X (x = 0,1) are very similar
whatever the value of x, and the same is true for the
related pair of (di-p-tolylmethyleneaminomagnesium bromide)
THF adducts. Fd%hermore the two absorptions due to
co-ordinated THF in the four adducts occur at lower field
than the corresponding peaks in unco-ordinated THF, and
this shift is in the game direction (i.e. downfield) to
that observed in the spectra of BF5 and BH3 solutions in
THF (107). In such solutions, peaks due to co-ordinated
solvent were observed at lower field than those due to free
solvent. The shift of the peak due to the hydrogen atoms
on the o -carbons of THF (8«), being significantly greater
than the shift due to the hydrogen atoms on the F —carbons
(A’5) parallels the observed behaviour in the BXE/THF
systems (Table 2.4).

The spectrum of the di-t-butylmethyleneaminomagnesium
bromide, already formulated as a dimer with bridging
methyleneamino units and an additional bridging ether

molecule, (But20=NMgBr)2OEt2 (Figure 2.4), is very poorly

resolved. A singlet absorption due to the t-butyl groups
is consistent with its proposed structure in which the
t-butyl groups are magnetically equivalent. There seems

little doubt that the molecule is solvated = cryoscopic -
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Table 2.4

lH—NMR Spectroscopic Data Due To THF For The Adducts

£520=NMgBrTHF)2(THF)X; R = Ph, p=-tolyl; x = 0, 1

7J values ppm (external TMS; T = 10
Compound
oL A L P B
THE 7 .09 9.16
(Ph20=NMgBrTHF)2THF 6.70 0.39 8.98 0.18
(Ph2C=NMgBrTHF)2 6.62 0.47 8.92 0.24
{(p—tolyl)20=NMgBrTHdéTHF 6. 56 0.53 8.88 0.28
#p—tolyl)20=NMgBrTHF} 6.53 0.56 8.82 0.34
2

All solutions in C6D6 at ~40°; o(,F= hydrogen atoms on o(,F—

carbon atoms.

studies suggest that the ether molecule may well separate

in solution - and the complex absorption at T/(6°64 - 6.98)
and a more clearly resolved triplet at 1’29612 - 9.%32) -
hardly shifted from the corresponding peaks in unco=ordinated
ether (T= 6.62, 6.74, 6.86, 6.96 quadruplet; T = 8.90, 9.02,
9.14 triplet) - may bereasonably assigned to the ethyl groups.
It was not possible to measure the relative intensities of
these absorptions,integration being prevented by high noise

to signal ratios.
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2.2.2. Group B

The compounds discussed in this section are the
bis(methyleneamino)magnesium derivatives, [%R20=N)2N@J (THF)y,
(R = Ph, p-tolyl; x =3,y =2; R = But, X =2,5 = O,X
The effect of the bulk of substituents on the state of
association of related methyleneamino derivatives, already
referred to, is particularly marked in the series of
bis(methyleneamino) derivatives, ER20=N)2ﬁ] M = Be; R = Ph,
But; M = Zn; R = Ph, p-tolyl, But, of beryi?ium and zinc
whose molecular state is variably polymeric, trimeric and
dimeric. An X-ray crystailographic study of bis(di-t-butyl-
methyleneamino )beryllium dimer, Efmt20=N)2B%] , Presumably
stabilised in its dimeric state by the steric %emand of the
t-butyl groups, has established the presence >f a four-

membered (BegNg) ring with both terminal and bridging
methyleneamino ligands (Figure 2.5a) (77). The zinc analogue

bis(di-t-butylmethyleneamino)zinc, dimeric in benzene, mono-
meric (by mass spectroscopy) in the gas phase, with similar
infrared and lH—NMR spectroscopic data is, likely to have a
similar structure, (50) as do related dimeric compounds of
boron, aluminium and gallium (24, 75, 108). Furthermore,
the probable structures of the bis(diarylmethyleneamino)
derivatives of beryllium and zinc, ERQC:N)2M]n R = Ph,

M = Be; R = Ph, (108) p=tolyl, M = Zn, all polymeric by
comparison, also involve four membered M2N2 rings as shown

in Figure 2.5 (b).




61.

But But
N S
C
I
But N\ But
(=— N—=Be el —t N:==:C///
Bu %\\ZN’/// \\\But
|
C
/// '\\\
But But
(a)
- -
ng CE2 CE2
A / AN V4 AN J/ AN /L
M M M M
AN \
Y N/ \N/ \N/ [
I i Il
CR2 CR2 CR2
s -
(b)
Figure 2.5

Whilst ‘[:(R2C=N)2DﬂN (R = Ph, M = Be, Zn; R = p-tolyl,

M = Zn) are polymeri
methyleneamino)beryllium Hkp—tolyl)2C=N} B%
2

much smaller size of

presented for compar

¢, the trimeric nature of bis(di-p-tolyl-

reflects the
3

‘beryllium relative to zinc. The likely

structure of the trimer is shown in Figure 2.6 (a) which is

ison purposes alongside the structure
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of a related compound, trimeric bis(dimethylamido)beryllium,

IfMezN)2B{15, (109 = 111) (Figure 2.6 (b) the structure of

which has been established by X-ray crystallography.

(a)

Me ..NBe ' Be "BeNMe

(b)

Figure 2.6

Both bis(diphenylmethyleneamino)magnesium and bis-
(di-p~tolylmethyleneamino)magnesium are thought t» be trimeric
crystallising with tw> molecules »f THF, [(R2C=N)2M% 52THF
(R = Ph, p-tolyl, M by crysscopy 970 and 1052 respectively).
Whilst the determined molecular weights are rather low (the
trimeric formulations requiring 1296 and 1464 respectively)
this is believed to be caused by sample decompoétion, and

the lH=-NMR spectroscopic data - discussed in greater detail
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later - supports the proposed formulations. By analogy
with compounds already discussed these bis(methyleneamino)

magnesium compounds are assigned a structure represented in

Figure 2.7 (a) again with mutually perpendicular Mg N, rings.

CR CR2

THE‘\ L / \ N:CR,
RCN/ \ / \ / \TI-IF

CR2

Br 0 THF

(b)

Figure 2.7

The two different terminal ligands probably occupy trans-
positions, and overall, the suggested structure is similar
to an already established structure (X-ray diffraction),

that of (ButOMgBr)22THF (95) with four-membered planar




Mggo2 rings and the two »ther species linked t> magnesium
adopting trans positions in a plane perpendicular to the

MgEO2 ring (Figure 2.7 (b). These proposed structures are

similar to those of other related magnesium derivatives

eg (ButMgSPri)22Et20 with four membered Mg,S, rings (112),
(PrlOMgBr),2Et,0 (113) and (EtMgOCEt,) 2THF (114) with Mg,0,
rings.

Attempts to crystallise bis(di-t-butylmethyleneamino)
magnesium were unsuccessful and the yellow-green floccﬁlent
solid was obtained by complete removal of solvent from the
reaction mixture. The product's molecular weight, by cryo-
scopy in benzene (M,573) compares favourably with that
required by the dimer (M, 609), and its suggested structure
possessing no solvent molecules of cryétallisation is shown

in Figure 2.8, being similar to that already descibed for

[(But20=N)2Be]2° Whilst each of the bis(methyleneaminn)

But

t ///// \\\\\ t

Bu’,C==N Mg\ Ve N===om,
N~
|
c

Bu

t
2

Figure 2.8

magnesium -compounds discussed has both bridging and terminal

methyleneamino ligands and, for the bis- phenyl and p-tolyl
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derivatives, magnesium in a four-co-ordinate condition,

the bulky t-butyl groups have stabilised three-co-ordinate
magnesium in the bis-t-butyl compound,[?But20=N)2M%, A
three-co-ordinate state for magnesium, whilst not u;ﬁsual

for zinc and beryllium, is not a preferred co-ordinate

state, the most common co-ordination number which magnesium
exhibits in its covalent compounds being four. Three-
co-ordinate magnesium was first found in dimeric di-f-propyl-
amido-i-propylmagnesium (12), (Pri2NMgPri)2, whose proposed
structure with corresponding bridging amido units is shown

in Figure 2.9. The structural differences highlighted in

i
Fr,

Pl Mg Pri

N

/\Mg

~N_ 7
N

Prt,

Figure 2.9

this discussion of the bis(methyleneaminos)magnesium may well
be principally related to the covalent radii »f the three
metals Be, Mg and Zn and their relative elkctronegativities.
The covalent radius sequence is Mg >Zn> Be (115) whilst with
electronegativity values the sequence is Zn)> Be) Mg (e4),
implying that magnesium may adopt a greater co—ordination
number than zinc and beryllium. These features will be
referred to later in discussing the infrared data of these
methyleneaminomagnesium compounds.

The infrared spectral details assigned to the stretching
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vibrations of the methyleneamin» units »>f the bis(methylene-
amino) derivatives »f beryllium, zinc and magnesium, and
already categorised into bridging and terminal methyleneamino
stretching frequencies. are given in Table 2.5. Until fairly
recently, although beryllium-nitrogen compounds had been
widely studied, there was little indication that Be=N
ﬂ/=bonding played any significant role in their chemistry.
The first indication that such bonding might influence the

geometry of a molecule was revealed in the X-ray diffraction

study of [(MegN)gBe] 5> @ compound already alluded to earlier
(111). A trigonal planar arrangement of atoms about the non-
bridging nitrogen atoms was discovered together with a
variation in the Be—N distances consistent with some multiple
(N——Be). Such an orientation would allow maximum »verlap
between the filled N- 2p orbitals and the vacant o»rbitals »f
the terminal Be atom. Studies were als» made >f some >ligomeric
bis(methyleneamin» )beryllium derivatives (48), [}RRlC=N)2B{]
in which similar Be=N ’W/-bonding was believed to occur, i
the beryllium atoms participating in a linear configuration
maximising overlap of the filled nitrogen and vacant beryllium
2p-orbitals available for such dative N— Be ‘I'|/=bonding and
allowing most room for the bulky substituents. Arising

from the attachment of the terminal methyleneamino units to
the three co-ordinate beryllium atoms are characteristic
infrared absorptions, a range of frequency values being
therefore characteristic of the stretching vibration of
linear (C—N=—Be)units. It is equally possible to assign

a range of frequencies to a bent (bridging C=N-Be) unit,

and Table 2.5 extends this process by summarising such
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findings for a limited number of related compounds of the

Group II metals. In all cases the distinction between the

absorptions for bridging and terminal ligands is clearly

Table 2.5

Terminal and Bridging Azomethine Stretching Frequencies,

) %
9(C=N)cﬁl of the Bis(methyleneamino) Derivatives

of some Group Il Elements

Y (C=N) Terminal » (C=N) Bridging
M — -
Ph p-tolyl| Bu® Ph | p-tolyl| Bu®
Be 1732 1731 1721 1627 1626 1631
Mg 1655 166l 1668 16153 1620 1605
Zn - lood 168% 1600 1607 1585

ty_

* A1l Nujol Mulls. (C=N) R,C=NH (R = Ph, p~tolyl, Bu
1603, 1610, 1604cEt respectively.

seen and the frequencies Y (¢=N) of terminally attached
units are significantly greater than those of bridging units.

Earlier, in Section 2.2.1l, a range of frequencies characte-

ristic of bridging (C=N-Mg) units was justified, and generally
a comparison of the data obtained for the magnesium systems
with the related systems of beryllium and zinc supports the
proposed structures of the methyleneamins-magnesium compounds
already discussed. They all possess bridging methyleneamin»

ligands alone, or in combinati»n with terminally - attached




68.

methyleneamino ligands. By reference to Table 2.5 it can

be seen that the variations in stretching frequencies of
terminally attached and bridging methyleneamino units do

not show a simple relationship with respect to the nature

of the methyleneamino ligand or the metal, a feature
expressed earlier in the discussio»n of infrared spectra
(Chapter 1, page32). Bis(di-t-butylmethyleneamin»)beryllium
dimer, with both bridging and terminally attached methyl-
eneamino ligands, is known to have for the latter a C-N-Be
angle of 160.5° (77), the distortion from linearity being
necessary to accommodate the bulky t-butyl groups. The

near linearity of the terminal C=N-Be unit strongly suggests
that in the bis(di-t-butylmethyleneamino)magnesium dimer,
[?But20=N)2M%]2 (M, by cryoscopy, 573; dimer requires M, 609),
known to be unsolvated with a proposed structure containing

three-co-ordinate magnesium (Figure 2.8), the terminal

(C=N-Mg) skeleton could be effectively linear, since the
larger magnesium atom could well accommodate without dis-
tortion the t-butyl groups.

If this is so, and the lH—NMR evidence to be presented
later would not contradict such reasoning, then the °(C=N)
assigned to the terminally attached methyleneamino ligand
might be that of a linear (C=N-Mg) skeleton. The same might
also be true of the bis(methyleneamino) derivatives,
[kR20=N)2W% 5 2THF (R = Ph, p=-tolyl), with four-co-ordinate
magnesium, where the aryl groups are less bulky and the
co-ordinated THF molecule may not add significantly to the

steric hindrance. Of the new methyleneaminomagnesium
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compounds studied, only the three bis(methyleneamino)
magnesium derivatives have terminally attached methylene-
amino ligands - all the others have solely bridging
methyleneamino ligands— their asymmetric stretching fre-
quencies lying in the range (1655 - 1668)ch".

The TH-NMR spectra of the bis(methyleneamino)magnesium
derivatives show some interesting features, particularly
the spectrum of l}ButZC=N)2M%z when compared with those
of [(But20=N)2M:l2 M = Be, Zn (50). The spectrum of
dimeric bis(di-t-butylmethyleneamino)beryllium in toluene
gives three signals, two of which present a poorly-resolved
doublet (7= 8.69, 8.71) and the other at T= 8.77, of
relative intensities 1:1:2 respectively. The implications
of this are that the methyleneamino units, terminally
attached, are either permanently non-linear in a symmetrical
molecule or near linear, the latter being more consistent
with the infrared data. Yet there must be some distortion
in the molecule for three peaks to be obtained, and its
crystal structure (77) confirms the non-equivalence of the
t-butyl groups on the terminal ligands. The two peaks of
equal relative intensityy(q/, 8.69, 8.71) are therefore
assignable to t=butyl groups in the different environments
of the terminal ligands and the singlet (7/= 8.77) to the
magnetically equivalent t-butyl groups of the bridging
units. The spectrum »f [}But2C=N)2Zn]2 is remarkably simi-
lar, the logical inference being that its structure is
similar to its beryllium counterpart with similar distortion
of the terminal ligands and substantial N—Zn (pW - p )

bonding (50). 1In contrast t»> the above spectra »f dimeric
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bis(di-t-butylmethyleneamino)- beryllium and zinc, the
spectrum of bis(di-t-butylmethyleneamino)magnesium gives

only one signal, a relatively sharp singlet at‘T/= 8.86,

with no evidence of further resolution on codling t» about
—5000. A doublet of equal intensity would not have been
surprising since the equivalence of the t-butyl groups on

the terminal ligands - arising from the probable linearity

of the (C=N-Mg) skeleton is more likely in the magnesium
compound, than in the comparable beryllium and zinc deriva-
tives. The symmetrical nature of the singlet suggests that
the t-butyl groups in the bridging and terminal methylene-
amino units are making contributions of equal intensity -

as they would do were the terminal (C=N-Mg) skeleton linear
and without distortion - but the respective signals are so
close together that they have not been resolved. The details
of the bis(di-t-butylmethyleneamino) derivatives of beryllium,

zinc and magnesium are summarised in Table 2.6.

Table 2.6
lH—NMR Spectroscopic Details for [?Buth:E)E%q2, M = Be, Zn, Mg
*
Compound 7/ Values p.p.m.

(But20=N)2Be:,2 8.69 (1), 8.71 (1), 8.77 (2)
(But20=N)2Zn]2 8.64 (1), 8.68 (1), 9.03% (2)

- - k%

(But20=N)2Mg] 8.86

. 2

_J

. "
*’r(Me4Si) = 10.00 ppm; using TMS as external standard;
others as internal reference.
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The TH-NMR spectra of the bis(diarylmethyleneamino)
magnesium derivatives, [(R20=N)2M%]3 2THF (R = Ph, p-tolyl),
are recorded in Table 2.77. Both spectra show peaks due to
co-ordinated THF at T values 6.98 — 7.19 (R = Ph), 6.88
(R = p=-tolyl) assigned to the hydrogen atoms of the
A —carbon of THF, and T (8.92 - 9.27), assigned to the
hydrogen atoms of theﬁ-qwubon of THF, in relative inten-
sities appropriate to the above formulation. These absorptions,
due to co-ordinated THF accur at lower field than the corre-

sponding peaks in unco-ordinated THF, a matter discussed

Table 2.7
lp-mr Spectra of Bis(diarylmethyleneamino)magnesium
Compounds, [kRgciE)zMg} 3 2THF, R = Ph, p-tolyl
L

*

Compound ’T/ Values p.p-m.
ﬁPh2C=N)2Mé]5 2THF 2.69, 2.97, 3.26c (4);
6.98 = 7.19 ¢, 8.93 - 9.27c(1)

{(p-tolyl)2C=N} Mg | oTHF | 2.57, 2.82, 3.04, 3.45 ¢ (3);
2 13 6.88, 8.92 ¢ (1); 8.05 (2)

e
7/(Me481) = 10.00 p.p.m.; using TMS as external standard;

solvent C6D6°

earlier in considerable detail in relation to the adducts
of diarylmethyleneaminomagnesium bromide and THF,
(R2C=NMgBrTHF)2xTHF, R = Ph, p-tolyl; x = 0,1. The complex

sbsorptions, observed in both compounds, in the region
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q/(2,57 - 3.34) are attributed to protons on the aromatic
rings of phenyl and p-tolyl groups, whilst a peak due to

the methyl protons of the p~tolyl groups is observed at

7/= 8.05.

2.2.%. Group C

The seven methyleneaminoethyl(or phenyl)magnesium
compounds to be discussed comprise (i) (R20=NMgEtOEt2)n
R = Ph, p-tolyl, (ii) (R,C-NMgX) , R = Ph, X = Ph, R = Bu®
X = Et, Ph, and (iii) (R20=NMgEt)2TMED, R = Ph, p-tolyl.
In general, their precise compositions are less certain than the
derivatives already discussed, because analytical data
obtained are rather ambiguous. Additionally, most of the
compounds are of too low solubility to obtain reliable
molecular weights by cryoscopy in benzene. The proposed
formulations, together with their analytical data are
given in Table 2.8.

The azomethine stretching frequencies, ¥ (C=N), for
all of these compounds fall in the range (1605 - 1620)05l
- see Table 2.9 - a range appropriate tobridging methylene-
amino units. These derivatives therefore are regarded as
possessing exclusively bridging methyleneamino ligands
and, by comparison with analogous Group II derivatives, are
probably dimers or small oligomers. Related derivatives of
Group IT metals, all unsolvated, of general formula
t

1R20=1\TMX)2 are M = Be: R, = R2 = Ph, p=tolyl, Bu’, X = Cl;
t
R, = Bu”, R2 = p=tolyl, X = C1l. M = Zn: Rl = R2 = Ph,

X = Me, Et, Ph; Ry = R, = Bu®, Ph, p-tolyl, X = Cl. The

structures proposed for these compounds, with both beryllium

(R




Table 2.8

3.

Analytical Data and Proposed Formulations of Methyleneamino-

ethyl (or phenyl) Magnesium Compounds

Compound

Analytical Data C:H:N:Mg;
Hydrolysable Ethyl (Et

(Ph2C=NMgEt.OEt2)n

[(P—tolyl)20=NMgEtOEt2 .
n
t os
(Bu”,C=NMgEt)

(Ph,C=NMgPh)
%
(Bu®,0=NMgPh) _

(Ph,C=NVMgEt ) ,TMED

[(p-tolyl) C =NMgEt:| 2CDIVIED

73.8 (74.2); H = 8.1 (8.1);
4.3 (4.6) Mg = 8.1 (7.9);
Bt = 8.5 (9.7)%.

]
I

=
]

71.3 (75.2); H = 8.2 (8.6);
4.1 (4.2); Mg = 8.2 (7.3);
Et = 8.0 (8.9)%.

=
[

66.6 (68.3); H = 11.5 (11.9);
7.5 (7.2); Mg = 12.2 (12.6);
Et = 14.6 (15.5)%.

=
I

78.1 (8L.1); H = 7.3 (5.3);

N = 4.9 (5.3); Mg = 7.7 (8.6)%.
= 71.2 (74.6); H = 8.8 (9.5);
N = 5.8 (5.8); Mg = 10.1 (10.1)%.
= 70.0 (74.2); H = 7.4 (7.9);
N = 8.8 (9.6); Mg = 8.6 (8.3);

Et = 9.7 (10.3)% M, 561 (58%)%

Q
Il

75.1 (75.2); H = 10.2 (8.5);

N

8.0 (8.8); Mg = 7.6 (7.6);
Et = 9.2 (9.9)% M, 491 (631)*

* by cryoscopy in benzene
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and zinc in a three-co-ordinate state, are shown in

Figure 2.10 (a). If the methyleneaminomagnesiun deriva-

tives (R,C=NMgX) , R = Bu®, X = Et; R = Ph, Bu®, X = Ph

are dimeric, their structure, also containing three-co-ordi-

nate magnesium atoms is likely to be similar (Figure 2.10(a);

M = Mg). 1If however these compounds are oligomeric, their

CR

I

2

M////’N\\\\\ M—- X
N

CR2
(a)
CR2 CR2
I [
N KXo N
,// \ /', . / \“
X—— Mg | Mg Mg | Mg —X
™~ N//// \\bxé¢f \\\~N,//
I |
CR, CR,
= = N
(b)

proposed structures (Figure 2.10 (b) will have both methyl-

eneamino and X units, in adjacent MgPN2 and Mg2X2 fHur-
membered rings, acting as bridging ligands with both three-

co=ordinate and four-cH =->rdinate magnesium at-ms.
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The diarylmethyleneaminoethylmagnesium derivatives
were shown to be etherated by lH—NMR studies, and these
together with the estimations of hydrolysable ethyl
(Section 2.4 (xvii)) suggest that they are best formulated
as (R20=NMg(Et)OEt2)m R = Ph, p-tolyl, m probably 2.

Their proposed structure (Figure 2.11) has four co-ordinate

magnesium atoms and is similar in principle to the bis(THF)

CR,
I
Etgo\Mg e N \Mg/ Et
Bt~ \ . / ™ OEt,
I
CR,

Figure 2.11

adducts of diarylmethyleneaminomagnesium bromide (R20=NMgBrTHF)2
R = Ph, p-tolyl, discussed earlier (II; Figure 2.3).

By employing a donor molecule, TMED, attempts were made
to prepare methyleneaminomagnesium complexes, in which magnesium
was co-ordinatively saturated, containing exclusively terminal
methyleneamino units. The mHyst common way by which TMED may
be bonded to an organometallic compound is as a bidentate

chelating amine eg MezBe(TMED), Figure 2.12 (a) M = Be. As

the organic ligand becomes larger, this bidentate-chelating
role becomes impossible and in ButeBe (TMED) the donor base
is monodentate in its co-ordination to beryllium. Only one

nitrogen atom is attached at any one instant and the lH—NMR
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spectrum shows rapid exchange between free and co-ordinated
nitrogen (117). Clearly the size of the metal atom is also
influential since the magnesium analogue, Buthg (TMED )

(118), is considered to have the same structure as MegBe(TMED),
the donor molecule again acting as a bidentate chelating

ligand - Figure 2.12 (a) M = Mg. A third type of bonding

Me
CH

ST N\\\\‘ M //// R
N

CHy———
Me2
(a)
CH; CH2
MegN:::::\ . NMe2
Be': , \ :\, Be/

Bu"CH; e CH,Bu®

(b)

Figure 2.12

emerges where the diamine co-ordinates to a dimeric species

as an additional bridging group. Such a structure has been

proposed for alkylberylliumhydride. TMED complexes,

(RBeH)2TMED, in benzene where R = Bui (119), ButCH2 (120),
t

Et, Bu®, Bu", nCcHy, (121) - Figure 2:12 (b).
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In order to prepare methyleneaminomagnesium-TMED
complexes containing co-ordinatively-saturated magnesium
atoms, but with exclusively terminal methyleneamino
ligands, the theoretical reaction scheme was as follows

(equations 2.7 - 2.8): Me

2
t N— CH
N / 2
/Mg\ 2.7 |
Bt N— CH2
Me
2

E

(Et2Mg)n + D MegNCH CH.NMe,—> n

2772 2

The reacting species produced, Ethg.TMED, containing
four- co-ordinate magnesium was then reacted in equimolar
proportions with R2C=NH (R = Ph, p-tolyl, But), the expected

reaction being as illustrated in(equation 2.8).

Me2 Meo
Bt N——CH, RpC=N- _ N—H, |
RC=NH + /Mg\ Y s Mg 2.8
Et N —CH, g Ny— CH,
Me2 Me
2

In practice terminally-attached methyleneaminomagnesium
complexes were not isolated. Diphenyl- and di-p-tolyl-
methyleneamines reacted smoothly with Ethg.TMED to yield
very air-sensitive products, which - on the basis of their

azomethine stretching frequencies Y (C=N) Figure 2.9 -contain

exclusively bridging methyleneamino units. By elemental

analysis, molecular weight determinations by cryoscopy
and estimations of ethane by controlled hydrolysis, the
complexes were formulated as (R20=NMgEt)2TMED, R = Ph, p-t»olyl.

Their proposed structure (Figure 2.13) contains four-

co-ordinate magnesium and bo>th methyleneamin> and TMED bridges.

There was apparently no reaction between di-t-butylmethy-
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leneamine and Ethg.TMED, the only s»1id proyduct being
isolated from the reaction mixture being the diethyl-

magnesium.TMED adduct.

Me N / ‘(‘JR > NMe.,
\ Ny
Et / \
032

Figure 2.13

Absorptions in the methyleneamino stretching region,
§(C=N), in the infrared spectra »f these compounds are
shown in Table 2.9 and for reas-ns which have been presented
earlier in considerable detail, they are ratijsnalised as
being related to bridging methyleneamin» units. Such units
are present in all the methyleneaminomagnesium-~ compounds
discussed in this chapter, the majority of which have
exclusively bridging methyleneamino ligands whose azomethine
stretching frequencies, Y (C=N), are in the range (1602 -
l650)c51,

The methyleneamino stretching frequencies of selected
beryllium, magnesium and zinc compounds, all of which have
non-linear bridging methyleneamino groups, are shown in

Table 2.10. Whilst in several cases the formulation of this

limited number of compounds is not absolutely equivalent,

nor are the series complete,the azomethine stretching
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Table 2.9

Azomethine Stretching Frequencies, y (C=N), »f Related

Methyleneaminomagnesium Compounds (as Nujol Mulls, in cﬁl)

Compound Y (C=N)
[Ph20=NMg(Et)OEté]n 1619
Bgrtolyl)20=NMg(Et)OEt4 ] 1619

(Bu®,C=NMgEt) _ 1605
(Ph,C=NMgPh)_ 1618
(But20=NMgPh)n 1607
(Ph,C=NMgEt ) ;TMED 1620
{kp—toly1)20=NMgEt}2TMED 1618

frequencies, ¥ (C=N), for bridging methyleneamin> ligands of
beryllium, magnesium and zinc fall in the ranges (1608-1648),
1602-16%0) and (1585-1624)cii- respectively. This trend
parallels the variétion in the mass of the central metal,

for the heavier the metal the lower the stretching frequency.

The lH—NIVIR spectra of many of these methyleneamino-

magnesium compounds were recorded using deuterated benzene

solutions - Table 2.11. The spectra of the di-t-butylmethy-

leneamino compounds, (But?C=NMgX)n X = Ph, Et, n probably 2,
> »
both show broad singlet signals at ! = 9.05 and 8.73

respectively, due to the t-butyl groups, consistent with
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Table 2.10
Stretching Frequencies of Bridging Methyleneamino Ligands,
% (C:N)uﬁl, in Selected Methyleneamino Derivatives of
Group II Elements :
Compound M Ph (p=-tolyl) Bu®
(R2C=NMCI)2 Be 1608 1610 1626
Zn 1604 1600 1597
[R20=NMEt(OEt2%X Mg | 1619 (x=1)| 1619 (x=1) 1605 (x;o)
(R20=NMEt)2 Zn 16ll - -
(R2C=NMPh)2 Mg lel8 - 1607
Zn 1607 - _
(R,C=NMBu®),, Be 1648 - -
(R2C=NMMe)2 Zn le24 - 1592
-(RBC=N)21";1 Be 1627 1626 163
L n
3R20=N)2M-H(THF)X Mg 1613 1620 1605 x=0,n=2
[(R,C=N) M| Zn 1600 1607 1585 (n=2)

L. n

As Nujol Mulls
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Table 2.11

LH-NMR Spectroscopic Data of Related Methyleneaminoethyl

(or phenyl )Magnesium Compounds

o T rpm
ompound (77 (TMS external ref. = 10.00ppm))
(Pth=NMgEtOEt2)n 2.55-2.88c; 6.62-6.97q;

8.93-9.18%

{(p-toly1)20=ngEt0Et2} 2.50-3.20c; 6.9%-7.28q;

Bl 8.10s; 9.26-9.54t

(But20=NMgEt)n 8.73sbr

(But20=NMgPh)n 2.96-3.12¢(1); 9.05s(4)

n probably 2; s singlet; ¢ = complex; br = broad;

t

triplet; q

quartet.

their proposed structure having bridging methyleneamino
ligands in which the t-butyl groups are in magnetically
equivalent situations. But whilst a broad complex signal,
T/(2,96—5,12), due to the protons of the phenyl group in
the spectrum of (But20=NMgPh)n - both signals being in the
appropriate relative intensities no signals due to ethyl

¥ C=NMgEt),,

despite using as concentrated as possible a solution.

groups were observable in the spectrum of (Bu
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Since the signal due to the t-butyl groups was far from
strong then perhaps it is unsurprising that the much less
intense signals expected for ethyl protons were not seen.
Generally the spectra of (R20=NMgEtOEt2)n, R = Ph, p=-tolyl,
were weak and of poor resolution. The rather broagd poorly
resolved multiplets in the ranges 1/(2.55—2.88), R = Ph,

and 4J(2.50—5,2O), R = p-tolyl, evidenced aromatic protons
whilst the singlet absorption (7 =8.10) is due to the

methyl protons of the tolyl group. Two other groups of
complex signals, one possibly a quartet in the range
T6.62-7.28 (T = 6.62-6.97, R = Ph; T = 6.93-7.28, R = p-tolyl)
and the other a possible triplet in the range T - 8.9%-9.54
(7= 8.93-9.18, R = Ph; 7' = 9.26-9.54, R = p-tolyl of overall
intensity approximately equal to that of the aromatic protons
in each compound. These signals, of quartet and triplet
nature, are assigned to the methylene and methyl components
respectively of the ethyl groups of co~ordinated diethyl
ether, being found downfield as might be expected, from the
corresponding signals of the unco-ordinated molecule

(Y = 7.26-7.51q, 7= 9.48-9.71t). High background noise
hampered the search for signals due to the protons of the
ethyl groups attached directly to magnesium and no unequivocal
sighting was made for (thczNMgEtOEtg)n,

For the compound {Fp-tolyl)2C=NMgEtOEt two weak

ob
complex signals at 7(9.90-10.10), possibly a tiiplet, and

T (10.27-10.44) possibly a quartet, are assigned tentatively
to the methyl and methylene units respectively of the ethyl
group directly linked to magnesium. High field placements

would be expected for ethyl protons when linked to a very
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electropositive element such as magnesium and the results
would seem to be consistent with values reported for dimeric
molecules such as diphenylmethyleneamino-diethylaluminium
(Ph20=NAlEt2)2 (62) T = 8.7t, 9.8q, diphenylmethyleneamino-
diethylgallium (Ph,C=NGaEt,), (63) 7 = 8.8t, 9.5q, and
diphenylmethyleneaminoethylzinc (Pth:NZnEt)2 (l})'f: 8.7t,
9.5q. Confirmation of (Mg-Et) units in these methylene-
aminoethylmagnesium compounds was obtained from hydrolysis
experiments employing Z2-methoxyethanol. The sole volatile
product obtained was ethane and hydrolysable ethyl values
were reasonably consistent with their proposed formulations.
The remaining methyleneaminomagnesium compounds viz
(R20=NMgEt)2TMED, R = Ph, p-tolyl and (Ph20=NMgPh)n were

too insoluble for satisfactory lH—NMR spectra to be obtained.

2.3 Summary

Fifteen new methyleneaminomagnesium compounds have been
prepared and structures proposed on the basis of their lH—NMR
spectra, infrared spectra, and their azomethine stretching
frequencies Y (C=N), and a comparison with established structures
of related compounds. It has not been possible to prepare
compounds with exclusively terminally-attached methyleneamino
ligands. On the contrary all the compounds possess bridging
methyleneamino ligands and where terminally-attached methy-
leneamino ligands do exist, they are in addition to such
bridging units. Compounds have also been described which
possess bridging ligands additional to methyleneamino bridges.

These bridging ligands are tetrahydrofuran in (R2C=NMgBrTHF)éﬁH&
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R = Ph, p-tolyl, for which a crystal structure has been

obtained and described (R = Ph), diethyl ether in

ML s

(Bu®,C=NMgBr),OFt,, and tetramethyleneflidhine in
[

(R2C=NMgEt)2TMED. The bis(methyleneamino)magnesium
derivatives BR2C=N)2Mg] (THF)g, R = Ph, p-tolyl and
[(ButgczN)gMg{]2 have botg bridging and terminally co-ordi-
nated methyleneamino ligands, and it seems likely that the
terminal units may well have near linear C=N-Mg skeletons

with some (N—*Mg) pW - pWbonding. Furthermore as the

size of the aryl/alkyl group increases, in this series of
compounds, a complementary decrease in the association

number of the derivative occurs. The nature of the methy-
leneaminoethyl(or phenyl-magnesium compounds (R20=NMg(Et)OEté%

Y X - Et, Ph; R = X = Ph,the

R = Ph, p-tolyl; (RZC=NM@;X)n R = Bu

state of association being dimeric or oligomeric; and

(R20=NMgEt)2TMED R = Ph, p-tolyl, is less certain but all

the proposed structures have bridging methyleneamino ligands.
The two remaining derivatives, adducts of THF and diaryl-

methyleneaminomagnesium bromide (R20=NMgBrTHF)2, R = Ph,

p-tolyl are dimeric with bridging methyleneamino units and

four-co-ordinate magnesium atoms. They are related to

compounds already referred to, viz (RgczNMgBrTHF)gTHF R = Ph,

p-tolyl.

2.4 Experimental

All materials throughout were handled under dry nitrogen.
Grignard reagents were made and standardised in the usual way.
Diethylmagnesium was made by the disproportionation of an

ethereal solution of ethylmagnesium bromide by anhydrous
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The New Methyleneaminomagnesium Compounds With Their Terminal

and/or Bridging Azomethine Stretching Frequencies

¥ (C=N)

Compound

Y (C=N) cit

) C=N Terminal

S C=N Bridging

(Hb&ﬂ%&ﬂg(mm%
{(p—tolyl)EC=NMgBr}2(THF)5
(Ph,C=NMgBr) ,(THF),
{(p-tolyl )20=NMgBr}2(THB‘)2

t .
(Bu 2C=NMgBr 2OEt2

(mbmﬂbwi(mmb
3

(p-tolyl) 0= N} Mg| (THF),
2

f 5
ot om

2

1655

leobl

1665

1630

le24

1605

1602

1622

1613

1620

1613

*
Nujol Mulls;
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Table 2.12 Continued

Y (C=N) ciit *
Compound
Y (C=N) terminal| ¥(C=N) bridging
(Phgc =NMgEtOEt2) " - 1619
{(p—tolyl)ngNMgEtOEtg}n - 1619
(Bu® LC=NMgEL) - 1605
(Ph,C=NMgPh) - 1618
(Bu®,C=NMgPh)_ - 1607
(Ph,C=NMgEt) ,TMED - 1620
{(p—tolyl)20=NMgEtL?MED - 1618

*
Nujol Mulls, n probably 2.

dioxan (1:2 molar ratio) and syringing off the ethereal
diethylmagnesium from the precipitated magnesium bromide.

The ethereal solution obtained was standardised using standard

secondary butanol in xylene, with 1,10~ phenanthroline as

indicator. (122)

(i) The Preparation of bis(diphenylmethyleneaminomagnesium

bromide)tris THF.

To a frozen (-196°) solution of diphenylmethyleneamine



87.
(3.0g, 16.6 m.mol.) in about 100 et anhydrous diethyl
ether was added l7°50é of a 0.96M (ethereal) solution of
isopropylmagnesium bromide. On warming with stirring t»
room temperature a pale yellow solid formed, and after
stirring overnight and pumping away solvent, the residual
cream coloured solid was recrystallised from THF, affording

pale-yellow crystals identified as bis(diphenylmethylene-

aminomagnesium bromide)tris THF, (jthcNMgBr)2 (THF)5,

m.p. 170 - 180°4

Found: C =56.7; H=5.6; Br = 20.8; Mg = 6.2; N = 3.6%
M, (by cryoscopy) 400.

958H44Br2Mg2N205 requires C = 58.13 H = 5.63 Br = 20.4;

Mg = 6.2; N = 3.6%M, 785.

Y Max (Nujol Mulls) 1630s, 1596m, 1575m, 1550sh, 1486w,
1l443s, 1400w, 1366w, 1350sh, 1334w, 1296w, 1285w, 1251m,
12%39sh, 1182w, 1157w, 1147w, 1074m, 1027s, 1002w, 967w,
934m, 922m, 915sh, 898m, 87%s, 841lsh, 790s, 779s, 7O4s,
V28w, /04sh, 699s, 6/3sh, 650s, o41sh, 619w, 609w, 501sh,
466s, 402m  cit.

A solution of isopropylmagnesium bromide (17,603,
0.85M, 15 m.mol.) in THF was added to a frozen solution
(-196°) of diphenylmethyleneamine (2.72g, 15 m.mol.) in about
6003 of THF. The mixture was stirred at room temperature
and the pale yellow solution concentrated under vacuum
whereupon pale=yellow crystals were deposited and identified

as bis(diphenylmethyleneaminomagnesium bromide)tris THF on

the basis of its infrared spectrum.
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(ii) DPreparation of bis(di-p-tolylmethyleneaminomagnesium

bromide )tris THF

A solution of isopropylmagnesium bromide (19.2cm,
0.98M, 19.6 m.mol.) in diethyl ether was added to a frozen
(-196°) solution of di-p-tolylmethyleneamine (4.10g, 19.6 m.mol)
in 800% ether. A cream coloured solid was formed on warming
to room temperature with stirring, and stirring was con-
tinued overnight. GSolvent was then pumped away and the
residual pale yellow solid recrystallised from THF affording

pale yellow crystals identified as bis(di-p-tolylmethylene-

aminomagnesium bromide)tris THF, {(p-tolyl)ZCNMgBr}2 (THF)B,
m.p. 190°d.

Found: C = 59.0; H = 5.9; N = 3.3; Br = 18.0; Mg = 6.3% M
(by cryoscopy) 410

C42H52Br2Mg2N205 requires C = 59.9; H = 6.2; N = 3.3;

Br - 19.0; Mg = 5.8%M, 841.

jLMéE (Nujol Mull) “1910v.w, 1804v.w, 1624s, 1603s, 1568m,
1562sh, 1520sh, 1504m, 142%sh, 140%v.w, 1367sh, 1346v.w,
1317gh, 1309m, 1296sh, 1288m, 1273w, 1254s, 1240s, 1217sh,
1209m, 1192sh, 1183sh, 117%m, 1158v.w, 1141w, 1117sh, 1109m,
1070w.br, 10325, 1019g, 957sh, 947w, 919s, 877/s, 842sh,
831sh, 826s, 7/82s, 739s, 735s, 724sh, 683s, 675sh, 640v.w,
631m, 617/sh, ©01s, 576w, 481sh, 472s, 455sh, 412sh, 388sh,
365w, 340sh, 330w cii.

(iii) Preparation of bis(diphenylmethyleneaminomagnesium

bromide )bis THF.

A solution of isopropylmagnesium bromide (200%,

0.85M, 17 m.mol.) in THF was added to a frozen (-196°)
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solution of diphenylmethyleneamine (3.08g, 17m.mol.) in
800% THE. After warming to room temperature, stirring
overnight and pumping away all solvent from the pale
yellow solution the yellow powder so obtained was indenti-

fied as bis(diphenylmethyleneaminomagnesium bromide)bis THF

m.p. 200°(d).

Found: C =55,8, H=5.1; Br = 22.0; Mg = 7.0; N = % . 9%M
by cryoscopy, 496.

CB4H56BI2Mg2N202 requires C = 57.3; H = 5.1; Br = 22.4;

Mg = 6.8; N = 3.9%M, 713.

VMax (Nujol Mull) 1605s, 1576m, 1565sh, 1545v.w, 1503sh,
1496w, 1428sh, 1417sh, 1408w, 1371sh, 1330v.w, 1295v.w,
1265v.w, 1247s, 123%sh, 1188v.w, 1162m, 1132v.w, 1108v.w,
1079w, 1063w, 103%33m, 1006w, 994v.w, 973v.w, 962v.w, 912m,
891m, 880m, 865sh, 852sh, 796s, 773s, 7Y31m, 711s, 701s,
680s, ©41s, 590s, 590 v.w.br, 572 v.w.br, 550v.w.br, 500v.w,
474w, 460V.w, 452v.w, 410w.br, ci .
This derivative was also prepared by the following
two-step reaction, the product being identified by its

infrared spectrum:

(a) Preparation of N-bromodiphenylmethyleneamine

12.0g of diphenylmethyleneamine-hydrochloride (59.8 m.mol)
was added to a solution of 25.5 sodium carbonate/6g potassium
carbonate mixture in 57503 of water to which had been added
39¢ bromine (~ 240 m.mol, a liberal excess) at about -3°¢,
The mixture was stirred at room temperature overnight and
chloroform added (100c@?, two of 25 cf) with subsequent

extraction and the combined red extracts were dried over
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anhydrous sodium sulphate prior to concentration using

a rotary evaporator. A pale-yellow viscous liquid was
ultimately obtained, to which a little 40-60 petrol ether
was added. Cooling overnight at ca -20° yielded an off
white solid which was washed with cold petrol and puﬁped
solvent free. The solid was ideﬁtified as N-bromodiphenyl-

methyleneamine, PhchBr,
Found: C = 60.0; H = 4.1; N = 5.3;3 Br = 30.6

Cq HqONBr requires C = 60.0; H = 2,9; N = 5,43 Br = 30.7

(b) 2.56g (10 m.mol.) of Ph,CNBr in anhydrous ether
was added to an excess of magnesium (~ 1g, 41 m.mol) covered
with ether; there was little sign of reaction during this
addition, over a period of about 30 minutes, except the
solution becoming somewhat cloudy. Even on warming little
evidence of reaction was seen, although an off white powder
was slowly formed. THF was added, the solution refluxed
for ~ 6 hours and then filtered to remove excess magnesium,
the filtrate being golden yellow in appearance. Concentration
of a small smount of the filtrate produced a yellow solid
whose infrared spectrum was similar to that of ggp2g§yg§g5(ggﬁécp__

Removal of all solvent from a sample of the filtrate

gave (PhEQNMgBr)qQTHF)q (iii) again identified by its infra-

red spectrum. Addition of dioxane caused a white precipi=-

tate to form.

(iv) Preparation of bis(di-p-tolylmethyleneaminomagnesium

bromide)bis THF.

‘ )
A solution of isopropylmagnesium bromide (15.3cm,

0.98M, 15m.mol) in THF was added to a frozen (~196°)
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solution of di-p-tolylmethyleneamine (3.13g; 15 m.mol)
in 600% THF. After stirring at room temperature overnight,
the golden yellow solution was pumped solvent free and the

yellow solid obtained was identified as bis(di-p-tolyl-

methyleneaminomagnesium bromide )bis THF,

{(p—tolyl)gCNMgBr}g (THF)E, m.p. 180 - 190 (4d).

Found: C = 58.6; H = 5.6; Br = 20.6; Mg = 6.6, N = 3.7%M,

(by cryoscopy) 520.

038H44Br2Mg2N202 requires C = 59.3; H = 5.8; Br = 20.8;

Mg = 6.3; N = 3.6%M, 769.

Y Max (Nujol Mull)  1910v.w, 1805v.w, 16025, 1585sh, 1565m,
1550sh, 1540sh, 1517sh, 1510w, A443sh, 1424w, 1370w, 1345sh,
1318w, 1311w, 1305w, 1295w, 1255sh, 1246m, 1218m, 1195w,

1190m, 1185m, 1163w, 1155w, 1120m, 1102v.w, 1070w.br, 1042m.br,
1028m, 1000sh, 975v.w, 959m, 93%8sh, 919s, 897s, 890sh, 880sh,
837s, 822s, 810sh, 788m, 746s, 740s, 729m, 680m.br, 665sh,

639m, 607w, 596m, 577m, 557w.br, 480s, 414w, 37P4sh ci'.

" (v) DPreparation of bis(di-t~butylmethyleneaminomagnesium

bromide )monoetherate.

A solution of isopropylmagnesium bromide (10.50%,

1.16M, 12.2 m.mol) in diethyl ether was added to a solution
of di-t-butylmethyleneamine (1.72g, 12.2 m.mol) in 80c%
diethyl ether at =-l960° The mixture was allowed to reach
room temperature with stirring which was then continued
overnight. The green-yellow solution was concentrated to
about half bulk, a little hexane added, then set aside.

The yellow crystals which formed were identified as
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bis(di-t-butylmethyleneaminomagnesium bromide)monoetherate,

(Bu® ,CNMgBr) ,0Et,, m.p. 150 -157° (d).

Found: C =45.6; H=9.0; N =4.9; Br = 26.9; Mg = 9.3%M,

(by cryoscopy) 297.

022Hﬁ6Br2Mg2N20 requires C = 46.9; H = 8.2; N = 5.0;

Br = 28.4; Mg = 8.6%M, 563.

jLMgg (Nujol Mull). 1660sh, 1622s.br, 1595sh, 1412sh, 1406sh,
1287s, 1368s, 1352m, 1307w.br, 1294w.br, 1264w, 1241w, 1226mn,
1213m, 1208sh, 1196w, 1170sh, 1156m, 1123m, 1094m, 1047sh,
1041s, 1030sh, 1005m, 963s, 948s, 930m, 900m, 873m, 850w,

838w, 78%m, 751w, 740sh, 72tm, 680s, 673sh, oO4s, 572sh,

553m, 515s.br, 495sh, 487s.br, 421m, 407sh cim .

The above reaction was repeated on a 22.3m.mol. scale
and after stirring at room temperature overnight, all solvent
was removed and then the yellow green residue was dissolved
in THF. After concentration of the solution white crystals

were obtained identified as being msgnesium bromide(THF), .

Found: C = 39.5; H =7.9; N = O; Mg = 5.1; Br = 33.9%

C,'6§32MgBr204 requires C = 40.6; H = 6.8; N = 0; Mg = 5.1;

Br = 33%.8%.

After filtering off the crystals, all solvent was pumped
from the yellow-green filtrate, and the yellowish solid
obtained was identified by its infrared spectrum as being
bis(di-t-butylmethyleneamino) magnesium - prepared later by

the use of diethylmagnesium (viii).
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(vi) Preparation of bis(diphenylmethyleneamino)magnesium

trimer - bis THF.

A solution of diphenylmethyleneamine (9.05g, 50m.mol)
in BOc% ether was added to a frozen (-196°) solution of
diethylmagnesium (69,50é, 0.36M, 25 m.mol) in ether. After
stirring at room temperature for ~ 24 hours, during which
time a red suspension formed, and pumping off all solvent
the residue was a red-powdery solid. Recrystallation from

THF afforded deep red crystals identified as bis(diphenyl-

methyleneamino)magnesium trimer-bis-THF, [(Phch)gMé]B(THF)z,
m.p. 90 (d)

Found: C = 78.8; H = 4.,4; N = 6.8; Mg = 5.6%M (by
cryoscopy),.970.

CB6H?6M83N602 requires C = 79.63 H = 5.9; N = 6.5;

Mg = 5.6%M, 1296.

Y Max (Nujol Mull) 1655m, 1613, 1575m, 1565sh, 1480sh,
1440sh, 1410v.w, 1370w, 1345sh, 1310w, 1302sh, 1282w, 1246m,
1226w, 1196w, 1175w.br, 1157w.br, 1075m, 1068sh, 10%0m.br,
1005w, 970w.br, 942w, 931w, 909w, 893m, 853%w.br, 790w, 778m,
V27w, 7/10sh, 701s, 685sh, 672sh, 650m, 640sh, 628w, 605v°w,5r,
512w.br, 490v.w, 470m, 455v.w, cil.

(vii) DPreparation of bis(di-p-tolylmethyleneamine)magnesium

trimer-bis THF

A solution of di-p-tolylmethyleneamine (4.62g,
22.1 m.mol) in 500% diethyl ether was added to a frozen
(-196°) solution of diethylmagnesium (30.6 ca,O,B6M 11m.mol)

in ether. By a procedure outlined in the previous preparation
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(vi) a deep orange solid was obtained and was identified
as being bis(di-p-tolylmethyleneamino)magnesium trimer-

) (r. , ' o
bis-THF, [{(p—tolyl)ECN}gﬁ% (THF)2 m.p. 150 =154 (d).

3
Found: C=79.3; H=7.1; Mg = 5.3; N = 6.3%M (by

cryoscopy), 1052.

C98H400Mg5N602 requires C = 80.3; H = 6.8; Mg = 5.0;

N = 5.9%M, 1464.

Y Max (Nujol Mull) 1661m, 1620m, 1603s.br, 1570m, 1565sh,
1507m, 1490v.w, 1442sh, 1407w, 1360sh, 1340sh, 1313w,

1307w, 1289w, 1255sh, 1244m, 1229w, 1212w, 1182m, 1177sh,
1153v.w, 1140v.w, 1118w, 1110sh, 1074m, 1039m, 1027w, 960v.w,
953v.w, 926m, 909m, 888w, 862v.w, 828s, 808sh, 788m, 750sh,
Phlrs, 730w, 690v.w, 685v.w, 676m, 638w, 620sh, 606w, 579,
504v.w, 483s,br, 402w, 380w, ci .

(viii) Preparation of bis(di-t-butylmethyleneamino)magnesium

A solution of di-t=butylmethyleneamine (3%.9%g, 27.9 m.mol)
in 2008 ether was added to a frozen (-196°) solution of
diethylmagnesium (38.6 cé, 0.36M, 13.9 m.mol). After stirring
overnight at room tempergture and pumping off solvent an
unsuccessful attempt was made to recrystallise the yellow
fluffy solid from ether/hexane. The yellow solid was identi-
fied as bis(di=t-butylmethyleneamino)magnesium dimer,

[(But20N>2Mg:| o mep 120°(a).

Found: C =67.0; H=1.9; N = 9.3; Mg = 8.3%M (by cryoscopy),
573.
0561?22Mg2N4 requires C = 71.0; H = 11.8; N = 9.2; Mg = 8.1%M,609
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V Max (Nujol Mull) 1720sh, 1668s, 1605s, 139%sh, 1380s,

1370s, 1360m, 1324m, 1300sh, 1265m, 1230sh, 1209m, 1080m.br,
1038s, 1020sh, 953m, 93%%m, 920sh, 900sh, 880s, 805m, 7%6sh,
727s, 680w, 660m, 610sh, 580m.br, 558sh, 545w, 484m, 435sh,

405m, cm .

(ix) ©Preparation of diphenylmethyleneaminoethylmagnesium

monoetherate

4.3 c% of ethylmagnesium bromide (1.23M, 29.9m.mol)
solution was added to a frozen (-196°) solution of diphenyl-
methyleneaminolithium in about 6008 pentane/ether. On
warming to room temperature a pale-green precipitate:formed.
After overnight stifing, solvent was pumped off and the
yellow—-green residue was extracted with hexane—ether and
lithium bromide separated by filtration. The filtrate after

concentration deposited yellow-green crystals of diphenyl-

methyleneaminoethylmagnesium monoetherate, [Ph2C=NMgEtOEt%]
n
m.p. 85° (d).

Found: C = 73.8; H=8.1; N = 4.3; Mg = 8.1; hydrolysable

C19H85MgNO requires C = 74.2; H = 8.1; N = 4.6; Mg = 7.9;

hydrolysable Et = 9.7%

"Max (Nujol Mull) 1619s, 1594w, 1576m, 1548v.w.br, 1490sh,
14548h, 1367sh, 1327v.w, 1308w, 128)v.w.br, 1260m.br, 1240sh,
1226sh, 1193w, 1182w, 1153w, 1142v.w, 1125sh, 1091w, 1074w,
1048m, 1034sh, 1025sh, 999w, 967w, 931m, 917w, 901m, 835w.br,
798sh, 788w, 777w, 736w, 722w, 700s, 677sh, 621v.w, 599w,

511m.br, 468w, 430sh cfi .
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A derivative spectroscopically indentical to this
was also prepared by reacting diphenylmethyleneamine with
diethylmagnesium in (1:1) molar proportions in diethyl

ether golution.

(x) Preparation of di-p-tolylmethyleneaminoethylmagnesium—

monoetherate

A solution of di-p-tolylmethyleneamine (1.34g, 6.471m.mol)
in 500% ether was added to a frozen (=196°) solution of
diethylmagnesium (18,503, 0.35M, 6.41 m.mol) in ether. The
mixture was allowed to warm up to room temperature and
stirred overnight. ©Solvent was pumped off and the pale-yellow
so0lid recrystallised from ether-hexane, and orange-yellow
crystals were obtained, extremely moisture sensitive,
identified as di-p-tolylmethyleneaminoethylmagnesium mono-

etherate, Bp-tolyl)ECNMgEtOEtg] m.p. 108° (&)
n

Found: C=71.33 H=8.,2; N =4.1; Mg = 8.2, hydrolysable
Et = 8.0%

ngHggMgNO requires C = 75.2; H = 8.6; N = 4.2; Mg = 7.3;

hydrolysable Et = 8.9%

Y Max  (Nujol Mull) 1619s, 1604s, 1570w, 1563sh, 1512sh,
1507s, 1407w, 1380s.br, 1312s, 1289s, 1260sh, 12435, 1212s,
1195sh, 1190sh, 1183s, 1157w, 1118w, 1093w, 1053w, 1025w,
1010sh, 955w.br, 925s, 907sh, 825s.br, 788s, 745s, 726sh,
679m, 639s, 607s, 579w, 480s.br, 439s, 376v.w.br, cm .

This compound was also prepared by the reaction between

ethylmagnesium bromide and di-p-tolylmethyleneaminolithium
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in 1:1 molar proportions in diethyl ether. Its infrared

spectrum was similar to that reported above.

(%1i) Preparation of di-t-butylmethyleneaminoethylmagnesium

A solution of di=-t-butylmethyleneamine (2.43%g,
17.24 m.mol) in 6008 ether was added to a frozen (-1960)
solution of diethylmagnesium in ether (49,203, 0.35M,
17,24 m.mol). The mixture was allowed to reach room
temperature, stirred overnight and solvent was removed under
vacuum, the amorphous yellow solid so produced being re-

crystallised from ether-hexane. It was identified as

di-t-butylmethyleneaminoethylmagnesium, [ButchMgEé] R
n
n probably = 2, m.p. 104° (d).
found: C = 66.6; H = 11.5; N = 7.5; Mg = 12.2; hydrolysable

Et = 14.6%

quHgngN requires C = 68.%; H=11.9; N = 7.2; Mg = 12.6;

hydrolysable Et = 15.5%.

Y Max (Nujol Mull) 1605s, 1585sh, 1387s, 1363s, 1300w.br,

1264m, 1245v.w, 1223sh, 1208m, 1153w, 1223%m, 11008, 1060sh,
1045s, 1023w, 954s, 924m, 900sh, 89%4m, 800s, 739w, ©66s,
615sh, 585sh, 580m.br, 510m.b, 408m, ci .

This compound was also prepared by the reaction between
di-t-butylmethyleneaminolithium and ethylmagnesium bromide

in 1:1 molar proportions.

(xii) Preparation of diphenylmethyleneaminophenylmagnesium

16.5 c% of phenylmagnesium bromide (1.62M, 26.73 m.mol)
in ether was added to a pentane-ether solution of diphenyl-

methyleneaminolithium (26.7% m.mol) at -196°. As the
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mixture warmed to room temperature with stirring its

colour changed from red through brown to yellow green and

an off white precipitate was formed. After stirring over-
night, removing solvent in vacuum, the yellowish residue

was extracted with hot toluene. The toluene extract was
concentrated under reduced pressure and anhydrous hexane
added. An amorphous yellow solid was obtained and identified

as diphenylmethyleneaminophenylmagnesium (PthNMgPh)n,

m.p. 170°(d).
Found: € = 78.1; H = 7.3; N = 4.9; Mg = 7.7%

ClaHlEMgN requires C = 81.1; H=5.3; N = 5.3; Mg = 8.6%

P Max (Nujol Mull) 1618s, 1601w, 1592sh, 1583sh, 1579m,
1565sh, 1556sh, 1545sh, 1492w, 1448s, 1418w, 1403%sh, 1372sh,
1316w, 1310sh, 1288w, 1250m.br, 1236w, 1231sh, 1198w, 1187w,
1179w, 109%w, 1081w, 1061m, 1032w, 1018w, 1007w, 997sh,
978w.br, 946m, 930sh, 912m, 857w, 840w, 79%4m, 780s, 725s,
725sh, 702s.br, 684m, 674sh, 655s, 627w, 608w, 591w, 534m.br,

510m, 472s, 457sh, 441s, ci .

(xiii) Preparation of di-t-butylmethyleneaminophenylmagnesium

An ethereal solution of phenylmagnesiumbromide
(30.8L%, 1.62M, 49.9 m.mol) was added to a solution of
di-t-butylmethyleneaminolithium (49.9 m.mol) in about 1000%
pentane-ether at —4960, A pale yellow suspension slowly
formed on warming with stirring to room temperature. After
stirring overnight, and removal of solvent the residual pale-

yellow solid was extracted with hexane and filtered.
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Crystallisation attempts proved fruitless and as a last
resort all solvent was therefore removed. The yellow

green amorphous solid so obtained was identified as

di-t-butylmethyleneaminophenylmagnesium, (ButchMgPh)
n

n probably 2, m.p. 185° (4).

Found: C = 71.2; H=28.8; N = 5.8; Mg = 10.1%
quHgéMgH requires C = 74.6; H = 9.5; N = 5.8; Mg = 10.1%

V Max (Nujol Mull): 4622sh, 1609s.br, 1576w, 1561sh, 1495sh,

1478sh, 1419s, 1390s, 1369s, 1307v.w, 1278w, 1268w, 1247sh,
12%3m, 1216w.br, 1198w, 1157w.br, 1095w.br, 1078v.w, 1062m,
1052m, 1042m, 1029w, 1018w, 1009sh, 997m, 960s, 931m.br,
914sh, 900sh, 888sh, 857w, 838sh, 801w.br, 781w.br, /68w,
41m, 08s.br, 680m, 670m, 645sh, 634m, 607sh, 588m.br,
521w.v.br, 480m.v.br, 44%m, 408m.br, ci .

(x¥iv) Preparation of bis(diphenylmethyleneaminoethylmagnesium)

TMED

Diethylmagnesium (70cé, 0.185M, 12.95 m.mol) in ether
was mixed with tetramethylethylenediamine TMED (1.950%,
12,95 m.mol). There was no evolution of heat and this mixture
was cooled to —1960 prior to the addition of diphenylmethyl-
eneamine (2.34g, 2,1603, 12.95 m.mol) in 4008 ether.

As the stirred mixture warmed up the orange brown solution
gradually deposited a pale yellow solid. The stirring was
maintained overnight and filtered, the yellow residue was
washed with ether and pumped solvent free. It was identified

as bis(diphenylmethyleneaminoethylmagnesium)TMED,
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(Ph CNMgEt) ,IMED, m.p. 125 = 25° (d), and showed immediate
signs of reddening even in the glove box filled with

nitrogen.
Found: C =70.0; H= 7.4; N = 8.8; Mg = 8.6; hydrolysable;:

Et = 9.7% M (by cryoscopy) 56l.

056H46Mg2N4 requires C = 74.2; H= 7.9; N = 9.6; Mg = 8.3;
hydrolysable Et = 10.%3% M, 583.

Y Max (Nujol Mull): 1620v.s, 1605sh, 1580m, 1493m, 1448v.s,

1457w.br, 1372sh, 1316w, 1300v.w, 1263%m, 1248m, 1185v.w.br,
1160v.w.br, 1127m, 1111w, 1079m, 1052v.w, 1033v.w, 1026v.w,
1008v.w, 995v.w.br, 976v.w.br, 946m, 935sh, 910m, 897m,
880s, 854v.w.br, 837v.w, 783s, 730w, 708v.s, 690w, 656s,
623m, 609m, 540sh, 512s.br, 470s, ci .

(xv) Preparation of bis(di-p-tolylmethyleneaminoethyl-

magnesium)TMED

The above procedure was followed using diethylmagnesium
(58.803, 0.3%5M, 1359 m.mol), TMED (2.0508, 1%.59 m.mol) and
di-p-tolylmethyleneamine (2.84g, 13.59 m.mol). The yellow
product was identified as bis(di-p-tolylmethyleneaminoethyl-
magnesium)TMED, {(p—tolyl)QCNMgEt}gTMED, m.p. 110-115> (4d).

Found: C =751 H=10.2; N =8.0; Mg = 7.6; hydrolysable

Et = 9.2% M (by cryoscopy) 491.

C4OH54N4Mg2 requires C = 75.2; H=8.5; N = 8.7; Mg = 7.6

hydrolysable Et = 9.9% M, 639.

Y Max (Nujol Mull): 3260v.w, 1658w, 1617v.5. 1602v.s.

1574m, 1566sh, 1511m, 1450v.s, 1425v.w, 1419w, 1408w, 1371m,
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1358w, 1%16m, 1292m, 1284m, 1255sh, 1247s,br, 1216m, 1184s,
M77m, 1166v.w, 1147m, 1131w, 111%m, 1099v.w.br, 1080w, |
1045w.br, 1031s, 1007s, 974w, 960m.br, 953m, 925v.s, 898m,
871w, 843s, 833v.s, 800m, 790s, 746v.s, 728v.w, 687m, 676m,
63%m, 604v.s, 580m, 551s, 535m. br, 483v.s, 450w, 436w,
368m, 346 cil.

An attempt was made to react di-t-butylmethyleneamine
with diethylmagnesium and TMED, but unchanged methyleneamine
was recovered and a solid thought to be an adduct, viz,

Et Mg . TMED.

(xvi) A study of the controlled pyrolysis of

t
(Bu 2C=NMgBr)2OEt2

A known mass of sample was heated for measured
lengths of time at 100°C, 130°C, 155°C and 200°C. The evolved
volatiles were separated and condensed out (and weighed) by

standard vacuum-line techniques.

Mass of (B1,1tQC=1\TIVIgB1:')EOEt2 taken = 0.75g.
o Nature of Mass of
Temperature C Time min product product g-.
100° 10 Et,0
o ’ 0.0747
130 150 Eth
155° 45 Et,0 0.0142
200° 60 o-methyl- . -
propane

Total mass of Et. O evolved

5 0.0889¢

1.20 m.mol.

~
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Alternative structures considered

t

(a) (Bu ~C=NNMgBrOEt Mass taken 0.75

)
272

1.177 m.mol.

Calculated mass (maximum) of Et20 obtainable = 2.3%6m.mol

Mass taken

(b)  (Bu®,C-NMgBr),OEt 0.75g

1.33 m.mol.

2

Calculated mass (maximum) of EtEO obtainable = 1.%3 m.mol

Summary

(a) Calculated mass(max,) Et.O obtainable from 0.75g

2

= 2.36 m.mol.

t
(Bu 2C=NMgBrOEt2)2 =

(b) Calculated mass (max) Et. O obtainable from 0.75g

2
(Bu®,C=NMgBr) ,OEt, = 1.33 m.mol.

(c) Mass of Et20 obtained from 0.75g of compound = 1.20 m.mol.

(xvii) Estimations of hydrolysable ethyl in methyleneamino-—

magnesium derivatives, FRQQ=NMgEt(OEt2 # , R = Ph,
LL

p-tolyl, But; x =1, 1 and O.

The ready hydrolysis of the Mg-C bond with hydrocarbon
evolution was used as a basis for this analysis. Generally
a weighed sample was hydrolysed under controlled conditions
in a small two-necked flask attached to a vacuum line. The
compounds were hydrolysed initially by a few c% of meth-—
oxyethanol followed later by agueous sulphuric acid. The

liberated gases were fractionated and weighed.




10%.

Resgults:

(2) (Bu®,C-NMgEt) ~ n probably 2.

Mass of the methyleneaminomagnesium compound taken

= 0.4600g.
Mass of ETHANE evolved = 0.0670g
Theoretical amount of ethane = 0.07138g.

Number of hydrolysable ethyl groups per mole of magnesium

= 0.94

(b) (Ph20=NMg(Et)OEt2) n probably 2
n

Mass of methyleneaminomagnesium compound taken = 0.1740g
Mass of ETHANE evolved = 0.0147%g
Theoretical amount of ethane = 0.01698g

Number of hydrolysable ethyl groups per mole of magnesium
= 0.87

(c) [(p—tolyl)20=NMg(Et)OEt21 , n probably 2.
+ 0

Mass of methyleneaminomagnesium compound taken = 0.2457g
Mass of ETHANE obtained = 0.01965¢g
Theoretical amount of ethane = 0.02198¢g

Number of hydrolysable ethyl groups per mole of Mg = 0.89

(d) Hydrolysable ethyl analyses also performed on
(R2C=NMgEt)2TMED ( R = Ph, p-tolyl),

Results
Number of hydrolysable ethyl groups per mole of magnesium, in
(R,C=NMgEt) ,TMED are 0.94 (R = Ph) and 0.93 (R = p-tolyl).




CHAPTER 3z

METHYLENEAMINO DERIVATIVES OF ZINC
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2.1 Introduction

This chapter seeks to repair some omissions which
remained after earlier studies of the methyleneamino
chemistry of zinc, such studies being duly acknowledged
throughout the text (13, 50). It describes the preparation
and properties of some new methyleneaminozinc derivatives,

viz, (i) the adducts (RZC=NH)nZnX R = Ph, p-tolyl,

2,
X=Cl,n=2;R=5Bu,X=Cl,n=1;R

p-tolyl, X = Ph,

n

1; and p-tolleEN.ZnPhe; and (ii) (R1R20=NZnX)n, (R,1 =
Ph, p-tolyl, X = Cl, n = 2; Rq = R2
= p-~tolyl, X = Ph, n = 2, and R

= p-tolyl, X = Ph, n = 2;

R, = Ph, R, A

X = R4R20=N, The attempted reaction of di-t-butylmethylene-

amine with diphenylzinc is also described.

= R2 = p-tolyl,

Features of their infrared and lH—nuclear magnetic
resonance spectra are discussed and compared - where such
has not already been done in Chapter 2 - to related beryllium

and magnesium compounds. The discussion (Section 3.3) begins

on page 113
3.2 Experimental

3.2.1. Starting Materials

Anhydrous zinc chloride was made by refluxing commercial
zinc chloride with thionyl chloride for about two hours,
removing the latter by distillation and then eliminating

final traces of thionyl chloride by pumping. Diphenylzinc,

MoPo 10500, was prepared by a metal aryl exchange reaction
between zinc dust and diphenylmercury in boiling xylene (123).

Manipulations were carried out in a conventional vacuum line,
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nitrogen- filled glove box, or nitrogen- filled apparatus

as appropriate.

3.,2.2. (i) Preparation of R

C=NH.ZnCl, adducts (R =Ph, p=tolyl,
Bu®) |

2

One description will serve to explain the general
procedure. %.05g of diphenylmethyleneamine (16.85 mmol) in
40cm’ diethyl ether was cooled to 4196° and 14.3cm® 0.5892M
zinc chloride solution in ether (8.42 mmol) added. The
mixture was stirred overnight at room temperature and the
white solid - which formed almost immediately - was washed
with ether and pumped solvent - free. It was identified

as the adduct, bis(diphenylmethyleneamine).zinc(II)chloride,

@m20=NH)2Zn012, m.p. 225 - 230°C.

Found: C =62.9; H = 4.6; N = 5.6; Zn = 13.3; Cl = 14.3%

026H22N2Zn012 requires C = 62.6; H = 4.4; N = 5.6; Zn = 13.1;

Cl = 14.2%

The same product was obtained by the above procedure

using equimolar proportions (on a 12.32 mm scale).

Y pax (Nujol mull)  3298s, 1604s.br, 1573s, 1565sh, 1493w,

1456v.s, 1422v.w, 1398s, 1382s, 1328w.br, 1305w.br, 1282w.br,
1267w.br, 1241s, 1210v.w.br, 1191w, 1181w, 1168m, 1161m,
1082m, 1036m, 1007m, 987w, 979w, S4cm, 918m, 900w.br, 87/3s,
858m, 797s, 768s, 734m, 713s, 709s, 702s, e47s, 620w, 59%4w.br,
482w, 454w, 435w, cm” .

The adduct bis(di-p-tolymethyleneamine).zinc(II)chloride,

{(p—tolyl)20=NH}2°ZnCl2 m.p. 205 - 208°, was prepared

similarly by using 1:1 molar proportions (16.9%mmol scale)
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or 2:1 molar proportions of di-p-tolylmethyleneamine and

zinc(II)chloride (14.17 and 7.09 mmol) respectively.

Found: C = 65.13 H=5.3; N = 5.45 Zn = 41.8; Cl = 12.7%

CjoHaoNeanla requires C=064.9; H=5.45 N = 5.1; Zn = 11.8;
Cl = 12.8%

vlnax (Nujol mull) 3300s, 1608s, 1596vs, 1560s, 1550sh,

1509m, 1424s, 1394m, 1380s, 1370sh, 1317w, 1290w, 1262w,
1244vs, 1212m, 1196w, 1187vs, 1162m, 1123m, 1094 w.br,
1043w.br, 1022m, 979w, 965m, 920s, 887m, 877m, 861w, 853w,
848w, 8%7vs, 828sh, 821s, 810sh, 774m, 745vs, 725w, 686w,

679m, 634m, 594s, 568w, 488sh, 483%sh, 476s, 409w. cm_q.

The adduct, di-t-butylmethyleneamine.zinc(II)chloride,

But

2C=NH.ZnCl2 m.p. 137 - 1590, was prepared by reacting
together zinc(II)chloride and di-t-butylmethyleneamine as

above in either 1:2 or 4:1 molar proportions respectively.
Found: C = 38.2; H=6.0; N =4.,7; Zn = 2%.9; Cl = 26.1%

CgH,IgNZnCl2 requires C = 38.9; H = 6.8; N = 5.0; Zn = 2%.6

Cl = 25.6%

Y max (Nujol mull) 3307s, 1613vs, 1597vs, 1487s, 1420m,

1412sh, 1402m, 1391m, 1376m, 1370m, 1360sh, 1262m, 1240,
1225s, 1202m, 1050m, 1045m, 1023w, 970vs, 936m, 880s, 867s,

857s, 843%s, 79%m, /28m-s, 661wbr, 595mbr, 550w, 485v.w, cm—/‘°

(ii) Preparation of diphenylmethyleneaminozinc chloride dimer

An ethereal solution of diphenylmethyleneaminolithium
(31.3mmol) was added to a frozen (-196°) solution of zinc

chloride in ether (62.3cm5 0.503M, 31.3mmol). On warming
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to room temperature with stirring a white suspension

formed. The mixture was stirred overnight, solvent pumped

off , and the pale-yellow residue refluxed briefly with

toluene prior to the removal of lithium chloride by filtration.
The toluene extract was concentrated under reduced pressure

and anhydrous hexane added. A pale-yellow, woolly solid was

formed and was identified as diphenylmethyleneaminozinc-

chloride dimer,(Ph20=NZnCl)2

Found: C = 55.0; H = 4.0; N = 5.0; Zn = 23.4; Cl = 11.9%M,

by cryoscopy, 600

C26HQON2ZDECI2 requires C = 55.5; H = 3.6; N = 5.0;

Zn = 23%.3; Cl = 12.6%M, 562

‘Qmax (Nujol mull) 1622s8h, 1604s.br, 1570m.br, 1562sh,

1543sh, 1492w, 1452vs, 1400sh, 1367s, 1320w.br, 1282w.br,
1263m.br, 1250sh, 1196m, 1183%m, 1162m.br, 1077m.br, 1032m.br,
1005w, 975w.br, 938w.br, 912w, 891s, 855sh, 810sh, 793s,
758m.br, 742sh, 73%2m, 726w, 700vs, ©673sh, o47m, 62/m, 621sh,

595w.br, S574w.br, 471w.br, 452w.br, 430w.br, cm .

(iii) Preparation of di-p-tolylmethyleneaminozinc chloride

dimer

A solution of di-p-tolylmethyleneamine (3.3%%g,1%,.84mmol )
in 4Ocm5 diethyl ether was cooled to -1960 and n-butyl lithium
(40,6cm3, 1.49M, 15.84mmol) in pentane was added. The mixture
was allowed to reach room temperature with stirring and then
stirred for about 30 minutes, before being added to a frozen
solution (-196°) of zinc chloride in ether (25.8cm>, 0.6131M,

LY. B84mmol ). On warming to room temperature with stirring a
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white suspension was formed. The mixture was stirred
overnight, all solvent pumped off, lithium chloride being
removed by filtration after brief reflux in toluene. The
toluene extract was pumped free of solvent and the residual
pale-yellow solid after recrystallisation from toluene/

hexane was identified as dimeric di-p=-tolylmethyleneamino-

zinc chlorigde, {(p—tolyl)2C=NZn01}
2

Found: C = 56.7; H = 4.6; N = 4.5; Zn = 20.8; C1 = 11.8%M,

by cryoscopy, 660

050H28N2zn2C12 requires C =58.3; H=4.6; N = 4.5;

Zn = 21.2, C1 = 11.5%M, 618

QIH&X (Nujol mull) 1600vsbr, 1570sh, 1565m, 1544sh, 1535sh,

1522sh, 1506m, 1422w, 1314w, 1290w, 1272s, 1247sh, 1215w,
1195sh, 1187m, 1182sh, 1160w, 1157vwbr, “1100sbr, 1022sbr,
960wbr, 9%2sh, 920m, 895m, 880sh, 830sh, 819s, 804s, 742s,

725w, 707vw, 679w.br, 635w, 600m, 570w, 502sh, 476m cm™ .

(iv) Preparation of the di-p-tolylmethyleneamine.zinc

diphenyl adduct.

500m5 of a toluene solution of diphenylzinc (3.915g;
17.84mmol) was added to 3.73g (17.84mmol) of di-p-tolyl=-
methyleneamine in toluene (BOcmB) at 0°C. After mixing and
stirring, the solution was warmed to about 40°, A small
amount of pale-yellow solid was formed at this stage; this

was removed and identified as di-p-tolylmethyleneamine-=zinc

diphenyl adduct, (p—tolyl)20=NH.ZnPh2,

Found: C = 75.6; H = 5.0; N = 3.1; Zn = 15.6%

027H25Nzn requires C = 75.6; H = 5.8; N = 3.3; Zn = 15.3%
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Y max (Nujol mull)  3261m, 1603vs br, 41565mbr, 1543sh,

1507w, 1420s, 13%366sh, 1313m, 1300wbr, 1288w, 1246w, 1236vs,
1214m, 1193m, 118%7s, 1173m, 1161s, 1157sh, 1122wbr, 1077s,
1050wvbr, 1027m, 999w, 981m, 958m, 915vs, 8%4vs, 873w, 853s,
848s, 832vs, 821vs, 807w, 788w, Y43vs, 73%vs, 727vs, 718vs,
711vs, 679s, 661m, 637m, 627w, 594s, 568m, 477s, 451vs, cm”

(v) Preparation of phenyl(di-p-tolylmethyleneamino)zinc.

After filtering off the di-p-tolylmethyleneamine.zinc
diphenyl adduct, prepared as described in (iv) the filtrate
was concentrated under reduced pressure whereupon off-white
dimeric phenyl(di-p-tolylmethyleneamino)zinc was precipitated

{(p-toly1)20=NZnPh}2.

Found: C =72.2y H=4.7; N = 4.1; Zn = 18.6% M(by cryoscopy),
620
042H58N2Zn2 requires C = 71.9; H = 5.4; N = 4.0; Zn = 18.7%

M, 700
Vmax (Nujol mull)  1615m, 1600s, 1564wvbr, 1509w, 1502w,

1495w, 1427m, 1410w, 1372w, 1316w, 1296m, 1271w.br, 1254w,
1217w, 1190w, 1184m, 1169w, 1121m, 1079m, 1026w.v.br, 1004wbr,
977w, 964w, 939m, 896w, 861w, 847w, 839s, 832m, 793m, 750s,
/45m, 731m, 711m, 682w, 675w, 666w, 635wbr, 513w, 508w,

484m, 451m, cm” .

(vi) Reaction between diphenylmethyleneamine and diphenylzinc

1.65g (9.12mmol) of diphenylmethyleneamine in toluene
was added to an ice cold toluene solution of diphenyl zinc
(2.0g; 9.12mmol). The mixture was stirred and at room

temperature a whitish suspension formed. The white solid
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was filtered off, washed with toluene, pumped solvent

free and identified as dimeric phenyl(diphenylmethylene-—

amino)zinc, (Ph,C=NZnPh),, m.p. = 12%0°.

Found : C = 70.%3; H=14.5; N = 3.94; Zn = 20.2%

CBBHBONZZDE requires C = 70.7; H = 4.7; N = 4.3; Zn = 20.3%

Its infrared gpectrum was identical to that reported earlijer

(12).

(vii) The effect of heat on Phenyl(di-p-tolylmethyleneamino)

zinc.

Phenyl(di-p-tolylmethyleneamino)zinc, prepared as in
(v) above, was dissolved in toluene and refluxed in a nitrogen
atmosphere for 6~/ hours. There was no change in appearance,
the solution maintaining its yellow colour, nor was any solid
precipitated. The solution was concentrated under vacuum and
the solid recovered, identified by its infrared spectrum,

was starting material phenyl(di-p-tolylmethyleneamino)zinc,

[(p—tolyl)20=NZnITﬂ . The residue was further heated at
2

about 200° for 5 hours. A small amount of solid formed at

upper part of tube; it had a zinc content of 28.4% (ZnPhg,
an expected product of disproportionation has 29.8% of zinc;
starting material has 18.6% zinc) but the residual substance

was essentially unchanged.

(viii) Attempted preparation of bis(di-p-tolylmethylene-

amino)zinc

An ethereal solution of di-p-tolylmethyleneaminolithium

(20mm) was added to a frozen (-196°) solution of zinc chloride
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(17.8 cm® of 0.5631M solution in ether, 10mm). On

warming to room temperature a pale yellow suspension

formed. The mixture waé stirred overnight and then solvent
was pumped off. The yellow solid left, after taking its
infrared spectrum, was stirred with hot toluene and filtered
hot. The yellow filtrate was concentrated under reduced
pressure and ultimately all solvent was removed leaving a

small amount of a yellow amorphous solid identified as

bis(di-p-tolylmethyleneamino)zinc l}kp-tolyl)2C=N} Z%
n
2

(state of association uncertain). m.p. 270°%.

Found: C = 75.1; H = 5.3; N = 5.%; Zn = 12.6%

\n
1)
N

Q5OH28N2ZD requires C = 74.8; H=5,8; N = 5.3; Zn = 13%.6%

Y max (Nujol mull) identical to that of the above mixture

of bis(di-p-tolylmethyleneamino)zinc and lithium chloride

1664w.br, 1623s, 1607s, 1573m, 1508m, 1416w, 1409w, 1345sh,
1312w, 1290w, 1250wbr, 1235sh, 1214w, 1200vw, 1183m, 1158wbr,
1118m, 1092w.v.br, 1042w.br, 1027m, 973w.br, 958w, 926m,
910w, 898w, 8%2s.br, 809w, 789m, 743s, 737sh, 701w, 678m,

€45sh, 638w, 611mvbr, 580w.br, 480s.br, cm™ .

Small equimolecular quantities (1.14mmol) of di-p-tolyl-
methyleneaminophenylzinc and di-p-tolylmethyleneamine
dissolved in toluene were mixed at =1960, allowed to warm
to room temperature and then refluxed for 5 hours. The
pale yellow solution was concentrated under reduced pressure
and finally all solvent removed leaving a gummy yellow
residue identified by its infrared spectrum as bis(di-p-tolyl-

methyleneamino)zinc.
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(ix) Preparation of p-tolunitrile zinc diphenyl adduct

’lOcm3 of a toluene solution of p-tolunitrile (10465g;
12.49mmol ) was added to a suspension of diphenyzinc (2.74g;
12.49mm) in toluene (250m5) at -78°. The mixture was
warmed to 200, filtered, and toluene was removed under
vacuum. The viscous residue was identified as the p-tolu-

pnitrile diphenylzinc adduct pMeC6HACN.ZnPh2.

Found: Zn = 19.8% C2QH17NZD requires Zn = 19.5%
» max (Liquid film) 3058vs, 3007s, 2980m, 2930w,

2255vs, 1609vs, 1580w, 1512m, 1501w, 1450m.br, 1426vs,
1386w, 1337w.br, 1318w, 1300w, 1294sh, 1291sh, 1265wbr,
1252m, 1220w, 1212w, 1196w, 1183%vs, 1160w, 1127m, 1107sh,
1084vs, 1062w, 1043w, 1028m, 1002m, 956wbr, 910wbr, 860wbr,
842sh, 820vs, 767w, 730vs 708vs 685w, 668wbr, 557vs, 473w,

457vs, 440w. cm™ .

(x) Thermal decomposition of p-tolunitrile zinc diphenyl

adduct; preparation of phenyl(phenyl-p-tolyl-methylene-—

amino)zinc.

A sample of the adduct, (p—tolyl)CN,ZnPh2, was main-
tained at about 100°C under nitrogen for about five hours.,
After cooling to room temperature a yellow viscous liquid
remained. It was washed several times with toluene and
finally pumped free of solvent. The pale yellow residue

was identified as phenyl(phenyl,p-tolylmethyleneamino)zinc,

[Ph(p—tolyl)C=NZnP€] m.p. 264°3.
]2
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Found: C = 71.7; H=5.2; N = 3.7; Zn = 19.7%

M, by cryoscopy, 632

C4OH54Zn2N2 requires C = 71.3; H = 5.1 N = 4.,1;
Zn = 19.5% M, 672

v max (Nujol mull) 1627sh, 1618sh, 1605s, 1580w, 1570wbr,

1511w, 1450sh, 1442sh, 1428w, 1372w.br, 1316w, 1296w, 1286vw,
1270w, 1253v.w, 1221w, 1190w, 1163w.br, 1080m, 1026w.br,
975w.br, 960w.br, 948w, 922w, 895w, 857w, 852w, 837m, 807w,
790m, 741m, 737m, 720sh, 712m, 707m, 681w, 666m, 651w, 637w,

601w.br, 518w, 495sh, 490w, 469m, 451w, cm™ .

(xi) The attempted preparation of phenyl(di-t-butylmethyl-

eneamino)zinc).

The mixing of toluene solutions of di-t-butylmethyl-
eneamine and zinc diphenyl, in equimolar proportions, at
room temperature and then heating to about 60° for three
hours was followed by examination of the infrared spectrum
of the mixture. The only evidence of any interaction was
the sharper .Y(N-H) at 3296 cm™ | but the intensity diminished
with time.

The mixture was then refluxed for three hours and toluene
removed under reduced pressure. The rather sticky pale
yellow product smelled strongly of di-t-butylmethyleneamine
and its infrared spectrum confirmed the presence of unchanged

reactants.

3.3 Discussion

Reference has already been made (Chapter 2) to the

comparability of the organometallic chemistry of zinc with
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that of magnesium and beryllium. As the most electro-
negative element of the triad, the organo-derivatives of
zinc are rather less reactive than organoberyllium and
organomagnesium compounds. Organometallic compounds of

the type R M (M = Be, Mg + Zn) show significant differences,
for whereas MegBe and Me2Mg are polymeric species, dimethyl-
zinc and all presently know dialkyl- and diarylzincs are
monomeric and linear. Its structure has been studied by
means of Raman spectroscopy (124) and X~-ray diffraction
(125). The latter shows a methyl group of a neighbouring
molecule situated opposite the vacant p-orbitals of the

zinc atom thereby not excluding some measure of intermole-
cular attraction like that observed for trimethylindium
(125, 126) and trimethylaluminium (125,127). It has been
suggested that in formally associated Megzn the very acute
Zin-C-Zn angle would cause serious repulsions because of

the close proximity of neighbouring zinc atoms (125).

The first know organozinc co-ordination compounds were
those of dimethyl zinc with dimethyl- and diethyl ethers (128)
shown in more recent time to be 1:1 adducts,MeQZn.ORz(R = Me,
Et) (129). Dimethylzinc also forms adducts with cyclic ethers,
— 00—

CHE(CHQ)DCHé,which however dissociate when dissolved in
benzene. As n increases the strength of the bond between
zinc and the donor molecule also increases and the possibi-
lity of 1:2 complex formation, Me22n52(ether), becomes more
likely. With ethylene- and trimethylene-oxides (n = O, 1)
1:1 adducts are formed, but with tetramethylene- and penta-

methylene-oxides (n = 2, 3), 1:2 adducts are formed with

stronger co-ordinate links between zinc and oxygen (129).
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Dialkyl and diarylzincs also form chelate complexes with,
for example, 1,4 - dioxan, 1,4-thioxan (130), N,N,N' NT-
tetramethylenediamine, 2,21—bipyridyl, 1,10-phenanthroline
(131) and quinoline (132). Several of the co-ordination
complexes can be exposed to the air for short periods
without evident decomposition, in marked constrast, for
example, to dimethylzinc. With trimethylamine, dimethylzinc
N.ZnMe

forms both 1:1 and 2:1 adducts, Me and (Me5N)2ZnMe

3 2 27

the latter dissociating both at its boiling point, and

when dissolved in benzene, to give the 1:1 adduct and free
tertiary amine. A similar dissociation occurs when the
analogous adducts of pyridine and triethylamine are dissolved
in benzene (10). Furthermore whilst zinc forms relatively
unstable complexes with sulphides, phosphines and arsines,
attachment to electron attracting groups enhances its Lewis
acidity, with consequent effect upon the stability of the
complex produced. A study of the complexes formed between

R, Zn (R = Bu", Pnh, C6F5) and various donor molecules

(eg ethyleneglycoldimethyl ether, triphenylphosphine,
o-phenylenebis(dimethylarsine) underwrites this. Di-n-butyl-
zinc, Bun2Zn, does not complex with triphenylphosphine, but
bis(pentafluorophenyl)zinc, (C6F5)2Zn, yields the expected
adduct viz. (C6F5)2Zn,(PPb5)2 (133). The increasing electro-
negativity of the R groups in R2Zn causes a corresponding
increase in the electron affinity of the vacant orbitals

of the zinc atom thus increasing its electron acceptor
character and presumably increasing the st;%gth of the zinc

g -bond to the donor atom. However, an additional
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consideration must be allowed for. Complexes of phosphorus -
or arsenic containing ligands may also be stabilised by
d™ - d7% back bonding of electrons from the filled 3 d-
orbitals of zinc to empty d-orbitals of phosphorus or arsenic.
Such an effect would be decreased by the presence of more
electronegative groups on zinc, strengthening the o -bond
from zinc to the donor atom, but consequently reducing the
possibility of back-bonding. That the first effect appears
the more dominant arise from the fact that diphenylzinc
complexes are more stable than di-n-butylzinc complexes and
whilst no complexes of Bun2Zn with triphenylphosphine/tri-
phenylarsine are formed, the corresponding Ph2Zn complexes
are formed easily and are stable. Furthermore, complexes
formed by bis(pentafluorophenyl)zinc are the most stable.
Not unexpectedly the order of stability of RpZn.TMED
complexes is Me)iEt)Iﬁj'>But for such a sequence is Jjusti-

fiable either on steric grounds or because of the increasing

electron releasing character of the alkyl groups so weakening

the bond of co-ordination between zinc and the nitrogen
containing donor. No further considerations are required
because TMED can participate only in dative & -bonding
lacking the necessary vacant orbitals for back acceptance

of electron density. A comparison of these dialkylzinc.TMED
complexes with the corresponding 2,2l—bipyridyl complexes,
however, shows a convergse stability trend i.e. for Rgzn,bipy
(R = Me, Et, Pri, But), the order of stability is But) Pri)
Et )Me (4134). Bipyridyl as well as being ad —donor is also

capable of T -bonding by accepting electron density from
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filled metal- TTBrbitals, with the appropriate symmetry,
into the Tr—anti—bonding orbitals of the ring system. The
view has been expressed that the role of dW¥ - dW bonding

10

in di-tertiary arsine complexes of d metals, referred to

earlier, is unimportant because of the high ionization

10 shell of the metal atoms

potential of the non-bonding d
(135). A contradictory view, expressed to support the
above data for R2Zn.bipy complexes (134), suggests that
since in dialkylzinc compounds the Zn-C bond is largely

of covalent character there is likely to be but a formal
positive change on zinc. In consequence the ionization
energy of a 3d electron will be considerably less for REZD
than for Zn2+ complexes. Hence, because of synergism
between J and ﬁ/bonding the occurrence of any significant
back donation in organozinc complexes is likely to be

reflected in the stablity of the complex. The relative

stability of analogous complexes of 2,2l—bipyridyl and TMED

illustrates such a feature. Other chelate complexes, also
containing four-co-ordinate zinc - have been studied and

of considerable interest are the coloured complexes of

R,Zn (R = alkyl, aryl) with 2,21bi—pyridyl (136) and 1,10-
phenanthroline (137). The long wave charge transfer bands

are considered to arise from transitions of metal-d electrons
to vacant ﬂ/—type ligand orbitals. Whilst the reaction
between secondary amines and dialkylzincs has not been studied
in depth, several products of such systems have been
characterised. Dimethylzinc and dimethylamine in (1:1) or

(1:2) molar proportions respectively yield bis(dimethylamino)
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zinc, [}MegN)EZ%] probably polymeric in nature (138).
n
Its likely mode of formation is via the disproportionation

of methyl (dimethylamino)zinc, see equation %.1, rather

n []ﬂe(MegN)Zn] _ [FMegN)gZﬂl + Megzn 3.1
12 n

than by the interaction of methyl(dimethylamino)zinc and

dimethylamine as formulated in equation 3.2, since it has

n(Me(MegN)Zn)2 + 2nMe2NH-————> 2[%Me2N)2Z%] + 2n(MeH) 3.2
n

been reported that the related ethyl derivative viz ethyl
(diethylamino)zinc is stable in the presence of diethylamine
(139). Other compounds of a similar nature such as (alkyl
or aryl) (diphenylamino)zinc, RZnNPh., (R = Me, Et, Pri,

Bu", Ph), all stable solids, and ethyl(diethylamino)zinc

are all dimeric in benzene and, since amino groups are
better bridging groups than alkyl or aryl groups, are

considered to have the structure shown in Figure 3.1. Such

Ph2

/N\
\ N -

Ph2

R —— Zn Zn R

Figure 3.1

a structure with three—-co-ordinate zinc and a four-membered

(ZnN)2 unit has been confirmed for methyl(diphenylamino)

zinc, [MeZn(NPhgﬂ (Figure 3.1; R = Me) (140). The
2

stability of these compounds is such as to imply that the
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valence angle strain, expected of such a structure can
be withstood by the zinc atdms° Whilst a trimeric structure

(Pigure 3.2) based on a planar six-membered (ZHN)5 ring

would have allowed zinc and nitrogen to adopt a strain free

T’I T R,

/
C Zn C
1/ \N/ \N/ \R/]
!
Zn Zn
R//’ \\\\ N//// \\\\R
|

c
R’(/ ~ R,

R

Figure 3.2

configuration, the controlling factor must presumably be
the considerable crowding of the substituent groups concomi-
tant with such a proposed structure. None the legs, six-
membered rings are believed to occur in derivatives »f urea,
(RZONPRCONR '), and carbamates (RZnNPh.COOR'), (141) all
trimeric in benzene although amino»>zinc alkyls, (PthZnR)2
R = Me, Et, are dimeric, and four membered rings are a
common feature of compounds of general description RZnX in
which zinc is bonded to donor atoms such as oxygen (14, 138,
140), sulphur (138, 141) chlorine or bromine (142).

That three-co-ordinate zinc is a co-ordinatively -
unsaturated condition is evidenced by the fact that when

these compounds, RZnNng, whose structures are shown in
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Figure 3.1, are heated or treated with pyridine, dispro-
portionation occurs as shown in equatiom 3.7 and 3.3 the
latter via RZn(NPhg)py.
a
(RZnNPh2)2 + 2py—————+'py2Zn(NPh2)2 +  ZnR, 3.%

The alkoxides of organozinc, (RZnORq)n, so far reported

are all associated species exemplified by dimeric (R = Et,

r1 - Cellys CgFg, m = 2), trimeric (R = R’ ton s 3)

(143) or tetrameric (R = Me, rT - Me, Ph, n = 4) structures

= Bu

(138). They can be prepared by slow addition of the alcohol,
or phenol, to the dialkylzinc - both in an inert solvent

eg. hexane - at about -70° with negligible displacement »f

the second alkyl group. The product RZnORq if monomeric

would contain, bound to an oxygen atom »f pronounced donor
character, a co-ordinatively unsaturated zinc atom with
enhanced acceptor character (by comparison with dialkylzinc).
Consequently RZnORq would be expected to be an associated
species with relatively strong co-ordination. An X-ray
examination of the methylzinc methoxide tetramer (140),
(MeZnOMe)4, has established it to have an eight-membered cubane
struture with a(ZnO)4 cage, the zinc and oxygen atoms occupying
alternative corners of a distorted cube. An analogous cubane
structure has been proposed for the structurally unstudied

compounds (MeZnOSiMe4)4 and (MeZnNPMe (144-146). The

304
methyl and ethyl alkoxides do not behave as'though they were
co-ordinatively unsaturated since for example they may be
recovered unchanged from solutions to which pyridine has
been added. They do however form co-ordination complexes

with bis(2,?—dimcthyl—5,S—huxanedionato)zinc,(ButCO.CH COMe)2Zn,

2
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for the p-diketonate oxygen atoms are very powerful

electron donors, the vicinal zinc atom enhancing the
electron density at the oxygens (147). Moreover in solution
monomeric bis(2,2-dimethyl-3%,5-hexanedionato)zinc contains

a co-ordinatively-unsaturated zinc atom and therefore a
synergic donor-acceptor behaviour can reasonably be expected.

The relative strength of Ph. N compared with MegN and OPh as

2
bridging ligands may be seen in their different behaviours
toward such donors as bipyridyl and TMED. Whilst [Zn(NPhg)2
dissolves in bipyridyl giving a complex Zn(NPh2)2 bipy, 2
(148), such does not happen with [EMegN)QZ%]X. Furthermore
with TMED, the complex EthNPhETMED is produced with
(EthNPh2)2 but with (EthOPh)4 the product (EthOPh)zTMED
(143) retains two bridging OPh ligands. Representative
sulphur-containing analogues of the alkylzinc alkoxides have
been prepared and, in some cases, crystal structures have
been obtained. Structures of methylzinc-isopropyl-and
t-butylsulphides are of interest. The former is octameric,
each zinc and carbon atoms lying near the corners of a
truncated bisphenoid, giving rise to 4-, 6—, and 8-membered
rings in contrast to the pentameric t-butyl system whose
structure is based on a distorted square pyramid of zinc
atoms and contains only 4- and 6- membered rings (141).

The octameric methylzinc-isopropylsulphide arrangement can
however be related to the cubane - type structure found in
tetrameric methylzinc methoxide, (MeZnOMe)4 (140), since

the upper and lower parts of its polyhedra can each be

obtained by the opening out of the cubane arrangement.




Over the years much attention has been devoted to the
co-ordination chemistry of zinc and much >f the reference
material mentioned in this chapter, and the additional
references quoted therein, reflect this feature. Reference
(149) and various recent Organometallic Chemistry Reviews
collate the relevant references, Reviews concerning the use
of organozinc compounds in syntheses appear to be becoming
more numerous, dealing, as they do, both with syntheses in
a general sense and also majoring in monographic fashion on
specific synthetic areas. So reference (150) (1975) deals
solely with the Reformatsky reaction (151), a reaction of a
carbonyl compound, usually an aldehyde or ketone, with an
4 -haloester in the presence of zinc metal to furnish after
hydrolysis a f5-hydroxyester. Subsequent dehydration is
usually carried out to give an l,P -unsaturated ester. It
summarises important advances in the understanding and use

of the Reformatsky reaction - embracing discussion of studies

on the nature of intermediates, side reactisns, stere>r-
chemistry, and variations of the original reaction - since
earlier accounts concerning various aspects of the reaction

were written (152-156). The reaction of organic (and inorganic)
substrates at a metal surface either in a catalytic fashion,

or in an oxidative addition reaction with consumption of the
metal, continues to represent an extremely important area

of chemistry. Continuous attempts have been made to increase
the reactivity of the metal in order to allow known reactions
to be carried out under milder conditions, to improve yields,

or to extend the reaction to less rcactive substrates. Such
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objectives are being achieved in a variety of areas,
including syntheses involving organozinc compounds,

by the use of "activated metals". The "activated metals"
are prepared by the reduction of metal salts (eg. anhydrous
zinc chloride) in hydrocarbon or ethereal solvent (eg.
tetrahydrofuran) with potassium (157). Other reviews of
(i) organozinc compounds in syntheses, which discuss briefly
the Reformatsky reaction, and also, among other things,
describe in some detail features of the Simmons and Smith
reaction by which cyclopropane derivatives can be made, and
(11) The structural chemistry of organic compounds of zinc
(and mercury and cadmium) can be found in references 158

and 159.

Ebthereal solutions of the methyleneamines REC:NH
(R = Ph, p=tolyl, But) were treated with a standardised
solution of anhydrous zinc chloride, also in diethyl ether,
in both 1:1 and 2:1 stoichiometric ratios respectively.
In all three casesgs, whatever the stoichiometric ratios
employed, white solid adducts were isnlated and characterised
as bis(diarylmethyleneamine)zinc (II)chloride, (R20=NH)2Zn012
(R = Ph, p-tolyl) and di-t-butylmethyleneamine.zinc (II)

chloride, formally But20=NH°ZnCl2 (equations 3.4 - 3.7)

RQC=NH + ZnClg-——*-%(RgCﬂ\TH)anCl2 + %—ZnCl2 3.4
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2R..C=NH + 4ZnCl

5 —— (R2C=NH)2ZDC].2 3.5

2

R = Ph, p-tolyl

t t
Bu ngNH + ZnClg-————4> Bu 20=NH°Zn012 3.6

t t
2Bu EC:NH + ZnClg-—————>-Bu 2C=NH°Zn012

4 But20=NH 3.7

Because of the inadequate solubility of the adducts in ben-
zene, molecular weight values by cryoscopy were not obtained,
but it seems likely that in all cases zinc is in a four
co-ordinate condition and a tetrahedral configuration. The
bis adducts of R,C=NH (R = Ph, p-tolyl) are presumably
monomeric and the four membered co-ordinate state of zinc

in the di-t-butylmethyleneamine-zinc chloride adduct is
probably achieved not by the co-ordination of another mole-
cule of the methyleneamine - which may not be easy because

of steric problems - but by prefered dimerisation via

chlorine bridges, like dimeric aluminium chloride (Figure 3.3).

H
t
c1 cl N=CBu
2
\\\\\ //// \\_k ////
Zn Zn
But20=N c1 c1

H

Figure %.3%

Diarylmethyleneaminozinc chlorides, (R20=NZnCl)2 R = Ph,
p=tolyl, were made by treating diarylmethyleneaminolithium
in ether/pentane with a solution of zinc chloride in anhy-

drous ether in equimolar quantities (equation 3.8). The
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pale yellow, rather woolly solids isolated were shown to

RngNLi + ZnCl2 —_— %(R20=NZnCl)2 + LiCl 3.8

be dimeric in benzene, resembling the corresponding

di-t-butylmethyleneamino-derivative, (But20=NZnCl)2 (50).
The azomethine stretching frequencies, Y (C=N), of these
compounds - see Table 3.1 - are appropriate for bridging
methyleneamino units, and their most likely structure is

shown in Figure 3.4 with four-membered (ZnN)2 rings

R R
N,
||
N
Zﬁ// \\\Zn
N

X

N

II
’R/ﬁ\k

* X -c1, Me, Et, Ph

R = Ph, p-tolyl, Bu-

Figure 3.4

i.e. with bridging methyleneamino units, rather than

chlorine atoms, as postulated for the analogous compounds

of the Group II and Group III elements (24, 48, 75, 108).

In this structure zinc is three co~ordinate. The prepération
of bis(di-p-tolylmethyleneamino)zinc [{(p—tolyl)20=N}2Zé]n,

proved very difficult and only small amounts of product was

obtained by which ever route was followed. The corresponding
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bis(di-t-butylmethyleneamino)zinc, [(But20=N)QZé] , is
dimeric and was prepared by treating the appropria%e
methyleneaminolithium derivative with anhydrous zinc chlo-
ride in ether solvent in a 2:71 molar ratio respectively
(50). This route was followed (equation 3.9) for the
corresponding p-tolyl derivative, but with small success

En(p—tolyl)eczNLi + nZn012———»ﬁ‘p—tolyl)gc=§}z

2
for whilst the existence of the desired bis-derivative

% +2nLiCl 3.9
n

(mixed with lithium chloride) was evidenced, the separation
of the mixture proved to be elusive. A sublimation technique
was unsuccessful but a lengthy extraction employing refluxing
toluene gave a small yield of product. Its involatility and
sparingly soluble nature in toluene suggest that, like its
phenyl-counterpart (13), [{(p—tolyl)gczN}EZ%n it is probably
polymeric. The corresponding bis(diphenylmethyleneamino)zinc
derivative was prepared as illustrated in equatiors 3.10-%.1%

(R = Ph) (13).

2R,C=NH + 2ZnPh, — (R,C=NZnPh), + 2PhH 2.10
80°
n(REC=ZnPh)2—————~>[(REC=N)EZn]n +  nZnPh, 3.1
RC=N + ZnPh, ——> RC=NZnPh, 3,12
100°
2nRCEN,ZnPh2-———————¢> ERPhC:N)gz{] + nZnPh2 %.13
n

The key feature of this scheme is the ready disproportion-
ation of dimeric phenyl(diphenylmethyleneamino)zinc,
(Ph20=NZnPh)2 as shown in equations3.11 | 3.13. In the latter

case it seems reasonable to assume that the formation of the
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bis(diphenylmethyleneaminy)zinc polymer involved (Ph2C=NZnPh%?
as an intermediate. This reaction pattern when applied t»
the attempted preparation of Bﬁp-tolyl)20=N }2Zn]“

revealed certain points of difference. The reaction between

di-p-tolylmethyleneamine and diphenylzinc (equation %.9;

R = p-tolyl) for example, as well as forming dimeric phenyl
(di-p-tolylmethyleneamino)zinc algo produced a small but
characterisable amount of di-p-tolylmethyleneamine~diphenyl=-
zinc adduct, (p—tolyl)20=NH,ZnPh2. Furthermore the principal
product of the reaction, phenyl(di-p-tolylmethyleneamino)
zinc {(p—tolyl)20=NZnPh}2 disproportionates much less
readily that the corresponding diphenyl- derivative (equation
3.11, R = Ph) and consequently only a very small amount of
the desired ER20=N)2Zn]n, R = p-tolyl, was obtained. The

reaction between p-tolunitrile and diphenylzinc (equation 3.12

R = p-tolyl) yielded an adduct RC=N.ZnPh,, which when heated

2°
afforded dimeric phenyl(phenyl, p-tolylmethyleneamin»s)zinc,

(Ph(p—tolyl)C:NZnPh)2 - equation 3.14. This product,formed

2(p—tolyl)CENZnPhg—————————+ (Ph(p—tolyl)C:NZnPh)2 3.14

by the insertion of nitrile into a Zn'— C bond, did not
disproportionate when heated to yield the corresponding
bis(methyleneamino)zinc. It also corresponds to the proposed
intermediate in the overall disproportionation of the benzoni-

trilediphenylzinc adduct (equation 3.1%3 , R = Ph) (413), Another

attempt to make bis(di-p-tolylmethyleneamino)zinc used the
reaction between the free methyleneamine, R2C=NH, R = p=tolyl,

and phenyl(di-p-tolylmethyleneamino)zinc (equation 3.15).
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This also afforded a very low yield of the desired product.

n(p—tolyl&:NH + % [(p—tolyl)20=NZnPIE|—->B(p—tolyl)ZC=N}2Zr1 +nPhH
2 n

5.15

Table 3.1 shows infrared spectroscopic data of these
new, and other previously reported, methyleneaminozinc
compounds. In the infrared spectra of the methyleneamine
zinc(II)chloride adducts, (R2C=NH)2ZnCl2 (R = Ph, p-tolyl)
and R20=NH° ZnCl2

evidences a considerable sharpening and an increase in

(R = Bu’), the characteristic (N-H) band

YV (N-H) compared with the parent methyleneamines. Little
change was seen in the asymmetric stretch Y (C=N) oan
co-ordination of the methyleneamines to 2inc(II)chloride,
Or indeed when the adduct (p—tolyl)20=NH,ZnPh2 was formed.
The bis(methyleneamino)zinc series, [(R2C=N)2Zn:]n

R = Ph, p-tolyl, But, reveals unsurprising differences in

the degree of molecular association, being polymeric

(R = Ph, p-tolyl) and dimeric (R = But). In the latter case,
bis(di-t-butylmethyleneamino)zinc, the infrared spectrum
shows two absorptions of significant difference (16850m_q
and 1585cm™ ) which may be assigned to the stretching
frequencies of terminal and bent methyleneamino ligands
respectively. In the former case the relatively high value

implies a considerable amount of N— Zn dative bonding. The

proposed structure of this compound is shown in Figure 3.5

and has been discussed in‘considerable detail in Chapter 2.

The structure of the polymeric bis(diarymethyleneamino)zinc
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Table 3.1
Methyleneamino Derivatives of Zinc
Compound 9<C:N)iq Y(0=N-Zn) _, |Reference
cm terminal cm
(Ph20=NH)2.ZnCl2 1602 - a
{(p—tolyl)20=NH}2ZnCl2 1608 - a
Bu®C=NH.ZnC1 1613 - 2
(p—tolyl)20=NH.ZnPh2 1607 - a
(Ph20=NZnCl)z 1604 - a
{(p—tolyl)2C=NZnCl}2 1600 - a
(Bu® c=Nznc1) , 1608 - 50
(Ph2C=NZnMe)2 1624 - 13
(But20=NZnMe)2 1592 - 50
(Ph20=NZnEt>2 1611 - 13
(Ph20=NZnPh>2 1607 - 1%
{(p-toly1)20=NZnPh}2 1615 - a
(Ph(p—tolyl)C:NZnPh)2 1605 - a
EPhEC:N)2Z{]n 1600 - 13
ka-tolyl)zC=N}2Zﬂ . 1607 (1664) a
[(Bu® oW ,20] 1585 1683 50

*As Nujol Mulls; a:this work
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compounds [kR2C=N)2Zé]n R = Ph, p-tolyl, is likely t»>
be best represented as a co-ordination polymer with a high
ratio of bridging to terminal methyleneamino units

But But

~

I
B t

t
N, e
Bu{ N / ™~ Bu®

Figure %.5

(Figure 3.6). In such a structure there must necessarily

B CR2 CR2 CR2
T
\\\Zn/// \\\ Zn//// \\k Zn///’ \\\ Zn///
pd \N/ \N/ \N/ ~N
| | |
CR CR2 CR2
- = i .
Figure 3.6

be two terminal methyleneamino group attached to a co-ordi-
natively unsaturated zinc atom, but the infrared spectrunm,

however, of the diphenyl compound shows only one azomethine
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stretching frequency at 1600cm™!

and this was assigned

to the bridging ligand (13). The p-tolyl derivative also

shows a very strong absorption, assigned to bridging ligands,

Y (C=N) 1607om_q, and additionally a weak broad absorption

is observed, Q(C:N) = 1660-1670, which may conceivably be

assigned to the terminally - attached methyleneamino ligand.
All the methyleneaminozinc derivatives of general formula

t

Ph, p-tolyl, Bu~, X = C1; R, = R, =

= Ph,

R

il
I

(RAR,C=NZnX),, R

Ph, X = Me, Et; R

1 2

1= By 1

R2 = p-tolyl, X = Ph, shown to be dimeric, by cryoscopy in

Il
Il

Ph, p-tolyl, X = Ph; R

benzene, have azomethine stretching frequencies, » (C=N), in
the range (1592 - ’I624)cm"/I and these absorptions are assigned
to bent/bridging C=N-Zn skeletons. The proposed structure

of these dimeric compounds, with bridging methyleneamin»
ligands, four membered (ZnN)2 rings and three - co-ordinate

zinc is shown in Figure 3.4 (page [125), It seems very

unlikely that back donation from the zinc 3d orbitals into
the antibonding orbitals of the methyleneamino link plays
any major part in the zinc-nitrogen bonding in these
compounds because any interaction of zinc 3d orbitals and
the *WBrbital of C=N- would be maximised when the
C=N-Zn unit is linear, and would decrease as the C-N-Zn
angle decreases.

The |

H-NMR spectroscopic data for some of the new
methyleneaminozinc compounds, together with other related
examples, is shown in Table 3.2. The spectra, recorded on
hexadeuteriobenzene solutions at about 4OOC, were of some-

what poor resolution and consequently some assignments are
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rather imprecise. The interaction between R20=NH

(R = Ph, Bu® ana p-tolyl) and diphenylzinc is clearly

very weak for in the cases of the diphenyl- and di-t-butyl-
methyleneamines no adduct is isolated = and indeed there

is no evidence of any reaction, under the conditions
employed, between di-t-butylmethyleneamine and diphenyzinc-
and only a small amount of (p—tolyl)20=NH,ZnPh2 is isolable.
The major product is almost exclusively dimeric (R20=NZnPh)2,

R = Ph, p-tolyl. Despite the fact that the R, C=NHZnPh

2 2
adduct presumably decomposes slowly even at room temperature;
evidence of interaction was obtained from the infrared
(already referred to) and TH-NMR gspectra of fresh samples.
The spectrum of the adduct, in deuterated chloroform, although
not well resolved, shows signals due to aromatic protons as

a broad complex absorption T/(2.6 - 2.9), too broad to be

. particularly informative. The two signals'f,7.67 and 7.77,
assigned to the tolyl-methyl protons, probably indicate

both free and co-ordinated methyleneamine in the solution -

a further index of the instability of the adduct = the former
signal having the same chemical shift as a solution of the
free methyleneamine R20=NH (R = p=tolyl). Since the peak
due to the (N-H) group in the free methyleneamine is at

- - 0.5, it can be said that the peaks due to the methyl
and nitrogen protons are shifted to higher fields - however
slightly in the fofmer case - on co-ordination to zinc.

The more marked shift of the N-H peak is moreover in the
direction opposite from that expected on electronic grounds

in that co-ordination through nitrogen should reduce the
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Table 3.2
1H-NMR Results for Selected Methyleneaminozinc Compounds
T/ppm * :
Compound (relative to Meusi T/=10.0) Reference
(Ph20=NZnCl)2 2.87 - 3.11c. a
%p—tolyl)20=NZnCl}2 2.80 = 3.14 c; 8.12s a
(Bu®,C=NzZnC1), 8.92s 50
b
(p—tolyl)20=NH.ZnPh2 0.7; 2.60 - 2.90c; a
767, 777
(Ph20=NZnPh)2 2.8 2.9s 13
{(p—tolyl)20=NZnPh}2 2.8 - 3.1.(c); 8.05s a
(Bu® . c=N) 7Zn 8.64(1), 50
2 2 >

*

as external standard;

a, this work. b in CDCl

3

s, singlet,

and of poor resolution.

¢, complex, br, broad
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electron density in N - H bond. Complete interpretation

of the spectrum is naturally obscured because of the
difficulty in assigning resonances in the region TJ= 2.6 =
2.9 to carbon-attached p-tolyl and zinc-attached phenyl
groups. Similar findings have been made in systems in-
volving adducts >f RBAl (R = Me, Et, Ph) and diphenylmethyl-
eneamine in that all the peaks due t» the do>n>r molecule

are shifted to higher fields in the presence of the »rgan-y-
alane (62). For the methyleneaminozinc chloride dimers,
(R2C=NZnCl)2 R = Ph, p-tolyl, But,.the resonances assigned

to the aromatic protons, complex in outline, are in the
approximate range 7/= 2.8 — 3.1. The aryl methyl- and

t;butyl protons are assigned td singlet peaks at T/8.12 and
8.92 respectively. In all, the lH—NMR spectra of these
methyleneaminozinc chloride dimers are consistent with the
structure proposed for these derivatives. In the remaining
compounds listed in Table 3.2 the bis(di-t-butylmethylene-
amino)zinc data is quoted for the sake of completion, it
having been discussed in Chapter 2, and also to highlight

the absence of data for the other bis(diarymethyleneamino)zinc
polymers, [(REC=N)2Zn] , R = Ph, p~-tolyl, whose insolubility
prevented the recording gf their spectra. The peaks due t»
the protons of the diphenylmethyleneamine residue in
(Ph20=NZnPh)2 appear as a singlet at T = 2.8, the other
singlet at T = 2.9 was assigned to the protons of the Zn-Ph
residue. This differs somewhat from the corresponding peaks
in the spectra of aluminium and gallium compounds, (Ph20=NMR2)2

Me = Al, Ga; R = Me, Et, where the corresponding peaks due




135,

to protons of the diphenylmethyleneamine residue had two
distinct complex features attributed to the ortho and
meta/para sets of protons which are magnetically diffvcwi .
(62, 63). The resonances observed due to aryl protons of

{(p—tolyl)2 C:NZnPh}2 in the range T - 2.8 - 2.1 were
insufficiently resolved for precise assignment to be made,
and the absorption due to the aryl-methyl protons appeared
as a singlet at T = 8.05, both signals being but little

moved compared with the comparable absHrptions ~f the

parent methyleneamine.

3.4  Summary

New organozinc compounds have been made viz (i) methyl-
eneamine adducts (R20=NH)2ZDC12 (R = Ph, p-tolyl),

R.C=NH.ZnX, (R = Bu®, X = C1; R = p-tolyl, X = Ph),

2 2 (
(ii) methyleneamino derivatives (R1R20=NZnX)2, Rq =R, =

Ph, p-tolyl, X = Cl; Rq = R2 p

R, = p-tolyl, X = Ph and (iii) polymeric bis(di-p-tolyl-

= p-tolyl, X = Ph; R, = Ph,

methyleneamino)zinc [{(p—tolyl)20=N}2Z€L». Details of

the azomethine stretching frequencies, V¥ (C=N), of these
compounds are given (Table 3.1) and are assigned, as appro-
priate, to bridging or terminal methyleneamino ligands.

The dimers (R1R20=NZnX)2 have azomethine stretching frequencies
in the range (1600 - 1615) cm_q, assigned to bridging methy-
leneamino ligands, and their structures have four membered
(ZnN)2 rings and three-co-onrdinate zinc atoms. Dimeric
phenyl(diarymethyleneamino)zinc (R,]R20=NZnPh)2 Rq =R, =

p-tolyl, R, = Ph, R2 = p-tolyl are much more stable to

/I
disproportionation when heated - unlike the related
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(Ph20=NZnPh)2 which affords the bis-product - and were
obtained by the reactions of diphenylzinc with (i) di-p-tolyl-
methyleneamine and (ii) p-tolunitrile respectively. No
evidence of reaction between di-t-butylmethyleneamine and
diphenylzinc was observed.

Polymeric bis(di-p-tolylmethyleneamino)zinc was prepared
only with considerable difficulty and in very low yield.
Like its polymeric diphenyl analogue - but unlike dimeric
bis(di~t-butylmethyleneamino)zinc, where there is unambiguous
evidence of both terminal and bridging methyleneamino ligands
- its infrared spectrum is dominated by the bridging units.
Nevertheless the presence »>f a weak, broad absorption
(Y ca 1664cm_4) is assigned tentatively t» a terminally-
attached methyleneamino ligand. In the polymeric structures
of bis(diarymethyleneamino)zinc, [(R20=N)2Zn]n R = Ph, p-tolyl,
with both three and four co-ordinate zinc atoms, there must
necessarily be terminally-attached methyleneamino ligands
and, whether the assignment of the weak absorption to such
is conclusive or not, such a C=N-Zn unit could well be near
linear with substantial (N—Zn)pT - pT7 bonding. The
LH-NMR spectra of selected compounds, whilst generally of
rather poor resolution, support the proposed structures

of the new compounds.




CHAPTER 4

METHYLENEAMINO- AND ACETAMIDINO-

DERIVATIVES OF TIN(II)
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4,1 Introduction

This chapter, supplementing and extending some earlier
work of D. G. Othen (80), describes the preparation and
properties of (a) methyleneamine adducts and methyleneamino-

derivatives and (b) N,Nl

disubstituted acetamidine adducts
and N,Nl—disubstituted acetamidino derivatives of two=covalent

tin, viz.

R,C=NH.Sn'Tc1, R = p-tolyl, Bul;
(R,C=NSn'Tcl), R = p-tolyl, Bul;
TT
(R20=N)2Sn R = p=-tolyl;
n
MeC(NR) (NHR) . Sntic1 R = Ph, p-tolyl;
° 2 = s P— i3
T, |
MeC(NR)QSn Cl R = p=tolyl;
i iE
i IT]
MeC(NR)2 2Sn R = Ph, p-tolyl.

- -n

Their spectroscopic properties and proposed structures
are described in the discussion section (Section 4.3), which
starts on page I55 . As a preface to such discusgion a
short account is given of the stereochemistry of organotin(II)
compounds; this is followed by the experimental gection

(Section 4.2).

4,1.,1. Stereochemistry of Organotin(II) Compounds

(a) General features

The ground-state configuration of tin is 5s25pxl5pyl and

covalent compounds in the II+ oxidation state could be formed




L { 120°

(a)

(d)

Figure 4.1

1380

(b)

Sn 2X

(1)
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simply by using the two unpaired electrons for bonding. The
stereochemistry of the molecule so formed will depend upon
the hybridisation of the valence shell electrons. Use of

the two p orbitals would Tesult in two covalent bonds
mutually at right angles, but if the 5s electrons are in-
corporated in sp2 hybridisation - and it is unusual for lone-
pair electrons to be omitted from the hybridisation process
(160)- the bond angle should approach 120°, a trigonal planar

arrangement of electron pairs (Figure 4.1 (a)). This eould,

however, be reduced significantly by repulsions between the
bonds so formed and the very negative lone pair orbital. In
the gas phase, compounds such as SnF2 and SnCl2 are of this
type (161) with bond angle X - Sn - X ca 95°. The bonding

so far described, that of two-co-ordinate divalent tin, repre-
sents a situation where, because of the empty p-orbital on

the tin atom, a state of co-ordinative unsaturation exists.
Consequently such compounds are able to act as Lewis acids
towards suitable donor ligands forming adducts which, at their
simplest, are pyramidally shaped and based on.sp3 hybridi-
sation (Fig. 4.1 (b)). Again lone pair - bond repulsions

have the effect of lessening the bond angles below the tetra-
hedral value. Additionally there is a marked capacity for
two-co-ordinate tin(II) compounds to polymerise via bridging
constituents, the reaction involving overlap of the lone pair
orbital of a monomer (the donor molecule) with an empty p
orbital of an adjacent tin atom, so increasing the co-ordination
number to three a very common value in divalent tin complexes.

Anhydrous SnCl, (162), SnCl,.2H,0 (163), Sn2F5_ (in NaSngFS)




(1e4), SnCl,.py (165) and (MeEN)gsn.py (166) contain three
co-ordinate tin(II). The stereochemically - important lone
pair, conferring Lewis base activity may also be donated

to other Lewis acids producing three co-ordinate tin(II)
IT

species such as (C.H.),Sn"=——=BF, (167) and |(Me,Si).CH Sn¥£+
57572 3 577727 5

_— Cr(CO)5 (168).

The extension of co-ordinate number beyond three is
possible so long as the use of orbitals of higher energy
(nd orbitals) is permitted and possible arrangements based
on Sde and sde2 hybridisations, with one position in each
case occupied by a lone pair of electrons, are illustrated

in Figure 4.1 (c - e).

It has been suggested (169) that if two or more of the
attached ligands are neutral donor molecules, and others
are halogen atoms (or X groups of strong acids HX) then

separation of halide 1ions may occur as shown in (Figure 4.1 f-1i)

being ionic versions of the molecular structures (Figure 4.1

c = e) Stoichiometrically (b) ir a 1:1 adduct, (c),(f) and
(g) are different 1:2 adducts whilst (e), (h) and (i)
represent various 1l:3% adducts. There are many known examples
of tin(II) adducts, particularly of tin(II)halides, with

oxygen donors such as dioxan (165) and water, with nitrogen
donors such as amines (170), pyridine (171) and ammonia (172),
‘and with sulphur donors such ag thiourea and its derivatives.
Evidence however concerning the structures of adducts of general
description SnXgoi(ligand) is somewhat incomplete and even
scanty. ZEarlier, (173) structures such as Sn0129NH3 were

rationalised by suggesting that additional ligand molecules
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beyond a certain number form a secondary shell around
Mn+, but more recently the view seems to be that tin in

its II+ compounds behaves primarily as a monofunctional
acceptor, having a pyramidal primary co-ordination about

tin, and that any donor molecules beyond the first may not

be directly co-ordinated to tin. Whilst the structure of
SnC1,2H,0 (163) supports the latter rationale, and confirms
the common three-co-ordinate state of tin, there is consider-
able uncertainty about adducts such as SnClg. 252l-bipyridyl
(165) where it is unclear whether or not one or both nitrogen
atoms are co-ordinated to tin. The higher co-ordination

state would seem to exist in bis(8-quinolinolato)tin(II)

(165) but several possibilities seem unresolved eg. only

one ring might be chelated, tin-tin bonds might be present
(174), or a four co-ordinate species with an electron pair

in a fifth position could occur. In a study of SnCl2 adducts
with secondary amines and heterocyclic nitrogen-containing
bases, such as quinoline, pyridine, P =picoline and piperidine,
adducts of various molar proportions of donor: acceptor were
made.

Such adducts as 28n012apip, SnClgepip, and SnClge2pip
have been isolated and studied and on the basis of thermo-
gravimetric, conductivity and infrared data a complete
transitional series of xSnClgy (ligand) has been postulated.

Such species as SnII

ClL, *C1” preserve the three co-ordination
of tin(II) and correspond to structure f (Figure 4.1) dis-
cussed earlier.

Much more convincing evidence of the use of d orbitals

in hybridisation exists for the blue-black tin(II)oxide (176)
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with its square - pyramidal structure, described by sp5d
hybridisation of the available orbitals to give four
covalent bonds to oxygen and a fifth orbital accommodating
a lone pair of electrons.

Species of up to eight co-ordination have been

characterised.

(b) Structural features of two-covalent organotin compounds

From information available on inorganic compounds of
divalent tin, one would expect to find organotin(II)
compounds of the type RZSnII. Since the firgt compound of
this type was made viz diethyltin(II) (177) a considerable
number of such compounds has been reported. They are
generally polymeric; in a few cases, monomeric compounds
which slowly polymerise on standing have been obtained.
So, for example, dimethyltin(II) has two molecular forms,
linear chains of 10-100 catenated tin atoms and a six-
membered ring of tin atoms (178). Diethyltin(II) is com-
posed principally of (Et28n11)7, a seven-membered ring
containing tin-tin bonds, but diphenyltin(II) has been
described in a rich variety of ways, from colourless to
bright red, from monomeric to polymeric, from a highly air
sensitive to air stable material and with different solu-
bilities (179). The position was clarified when, amongst
other things, diphenyltin(II), as produced by the dehydro-
genation of diphenyltin dihydride, was shown to consist of
monomer units differing only in the degree and uniformity
of polymerisation (180). With pyridine as catalyst the

principal product was the hexamer, whilst employing
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dimethylformamide a good yield of pentamer was also
obtained. The marked tendency of RgsnII compounds to
polymerise, caused by the presence of an empty p orbital

on the tin(II) atom and its overlap with a lone pair

orbital of an adjacent tin atom, results therefore in

the formation of tin-tin bonds of tetravalent tin -
(SnIVRg)nc Only a small number of monomeric organotin(II)
derivatives are well established. They include dicyclo-
pentadienyltin(II) (181) and its derivatives (182), also
bis(phenyl-o-carboranyl)tin(II) viz. bis(2~phenyl-1,2-
dicarba=-closo-dodecaboran(12)-1-y1l)tin(II) (183) a & -bonded
organotin(IT) compouhd assumedly stabilised by steric effects.
It is on this area - the stabilisation of divalent tin in

a low co~ordinative state - that much recent interest has
been focussed. Whilst bis(dimethylamido)tin(II) is dimeric

in cyclohexane solution (Figure 4.2) and monomeric in the

vapour phase (166) the self-reactiord can be blocked by using

more sterically - demanding ligands, and as a consequence of

Me
Me2N e
\ / N \ ..
Sn Sn
. \
\\ _ NMe
N
Me2
Figure 4.2

this the following compounds have been isolated .and charac-
terised: (a) bis(bis(trimethylsilyl)methyltin(II) =

[FMeBSi)20H1 SnII, monomeric in both cyclohexane and benzene,
2
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but dimeric in the solid state (X-ray crystallography) (184);
(b) bis(bis(trimethylsilylamido)tin(II) - [(MeBSi)ZN]gsnII,
monomeric in solution (185) although elsewhere a dimeric
structure is postulated (186); (c¢) bis(t-butyl, trimethyl-
silyl)tin(TI)- (’185)(:(MeBC)(MeBSi)lﬂ2SnII and (d) bis(2,2,
6,6~tetramethylpiperidyl)tin(II) (187) (Fig. 4.3a) both of
which are monomeric in solution. The molecular state of

gntl (N(R)Si(Meg)NR) (Figure 4.3 b) in solution depends

e
Mc\\L\ Me Me Me

N’ Me

N’Q/ \ Me N Mb
\ /
Sn

(a)

(b)

Pigure 4.3

upon the nature of R. It is dimeric (R = Pri) and monomeric
(R = But) and in the crystalline state has both a monomeric

and dimeric phase (188). Other examples refer to a tin(II)

carbamate (189), 2,21-biphenylene=dicarbamatotin(II),

presumed to be monomeric (Figure 4.4) obtained by the




insertion of phenylisocyanate into the tin-oxygen bonds
of 2,21-biphenylene-dioxytin(II), and a tin(II) diazole

derivative (190),[%n N202Me%] which however polymerises
2

O >
|
o
= —H
5

\1 \\\\\\ sntl
-
0 C N
o

Figure 4.4
over a period of hours to give an (M-M) bonded tin(IV)
polymer. Whilst two-co-ordinate divalent tin is not easily
stabilised, three co-ordination is common and easily achieved
by intermolecular bridging, and other means mentioned earlier,
with tin acting as both a donor and acceptor atom. Such a

common co-ordination state is also achieved by chelation as

in the 1,3-diketonate halides (191) of tin(II) (Xé%IO(CR)Cﬂé(CR);
R = Me).

Two arrangements are possible for the four-co-ordinate
state, one based on a trigonal bipyramid with the lone pair
occupying an equatorial site eg. bis(N,N-diethyldithiocar-
bamato(tin(II) - Snil [SchEta} (192), and bis(l-phenyl-
butane - 1,3-dionato)tin(II) - soIT (Phco°CH,COMe)2 (193).

The other possible four-co-ordinate arrangement, based on
a tetragonal pyramid with an apical lone pair, is exemplified

by tin(II) phthalocyanine (194) and tin(II) N,N'- ethylene-
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bis-acetylideneimine (195) (Figure 4.5). The tin atoms in

the bis(thiourea)complex of tin(II) sulphate (196) are also

four co-ordinate, linked to two sulphate-oxygen atoms and

CHé

N.///// C Me
\ *
0 //”/////

C —/——

HC CH

Sn‘?/////
\

Hg\\\ B ///
N c\\\\\
0 —— c?ﬁfﬁ?

AN

Me

ANVAVA

Figure 4.5

to two thiourea-sulphur atoms in distorted pyramidal sites.
No less than three different types of six co=ordination
have been characterised. In dihydrogenethylenediaminetetra-

acetatostannate(II) the tin atom is centred in the rectan-

gular face of a distorted trigonal prism, (197) whilst the
tin(II) atoms of the mixed valency Sn2(02C.C6HﬂN020)4OTHF
experience pentagonal pyramidal co-ordination, the tin's

lone pair of electrons occupying the remaining axial position
(198). In ditin(II)ethylenediamine-tetraacetate dihydrate
(199) however, half the tin atoms are in similar pentagonal
bi-pyramidal sites with an equat orial lone pair, but the
remaining tin atoms are seven co-ordinate in a rather complex
way in which the lone pair is again sterochemically active.

IT

Fight co-ordination has been observed in Sn HPO4 (200).
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4.2 Ixperimental

In general methyleneamino- and amidino- derivatives
of tin(II), i.e. molecules possessing the snit_N bond, are
very sensitive to the presence of atmospheric moisture and
oxygen, particularly when in solution. Whilst all reactions,
and manipulations, were therefore performed under dry
nitrogen, partial sample decomposition was evidenced in,
for example, the molecular weights, - as determined by

cryoscopy- of some of the tin(II) compounds.

(i) Preparation of di-p-tolymethyleneamine tin(II) dichloride

adduct.

4.3089¢. of di-p-tolylmethyleneamine (20.62)mm was
3

dissolved in ca 40cm” dry toluene and added to a suspension
of 3.9089g anhydrous tin(II) chloride (20.62mm) in BOcm3 dry
toluene, with stirring. The mixture was refluxed for

20 hours and the slightly cloudy pale yellow solution was
filtered and cooled to ca -20°C. A mass of off-white solid
was produced overnight, it was washed with cold dry toluene

and then pumped solvent free. The product was identified

as the adduct di-p=-tolylmethyleneaminotin(II)dichloride

0]
(p—CH5 6 4)2CNH,SnClg, m.p. 138 - 1407,
Found: C =44,.17; H=3.8; N =3%.3; Cl = 18.0%

15 15NSnCl requires C = 45.1; H = 3.8; N = 3.5;

Cl = 17.8%
v max (Nujol Mull) 323%s, 1606vs, 1580vs, 1548vs, 1540w,

1504m, 1415m, 1310w, 1290w, 1262vw, 1238vs, 1212m, 1192s,
1M84vs, 1158s, 1120w, 1081wbr, 1019m, 972w, 957m, 916s, 893vs,
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856w, 837/vs, 822s, 807w, 782m, 743vs, 730w, 697w, 674w,

632m, 588s, 562w, 476vs, 417m cm™ .

(ii) Preparation of di-t=butylmethylepneamintin(II)dichloride

adduct.

5.86 cm? of di-t-butylmethyleneamine (32.72mm) was
added to a suspension of 6.2037g of anhydrous tin(II)chlo-
ride (32.72mm) in 60 cm? dry toluene with stirring. The
mixture was refluxed for 20 hours, filtered to remove a
small amount of suspended material, and the filtrate cooled
to ca -20°C. A mass of off-white solid was produced over-—
night and was identified as the adduct di-t-butylmethylene-

oNH.Sn'Tel,, mw.p. 70-72°.

aminetin(II)dichloride tBu

2
Found: C =3%34.0; H=6.1; N =3.9; Cl = 21.2%.
09H19N8n012 requires C = 32.7; H =5.8; N = 4.2;

Cl = 21.5%

Y pax (Nujol Mull)  3290s, 3160s br, 1676s, 1634m, 1598vs,

1585vs, 1401s, 1360s, 1320w br, 1225vs, 1203m, 1155w, 1082w,
1047m, 1034w, 1023w, 972s, 926m, 908m, 865vs, 846m, 794m,
729vs, 1096w, 658w, 589m, 551m, 482w, 469m, 410br w, cm” .

(iii) Preparation of di-p-tolylmethyleneaminotin(II)

chloride dimer.

20.86 mmol. of di-p-tolylmethyleneaminolithium in ca
500m3 ether/hexane was added to a suspension of 3.9543%g.
anhydrous tin(II)chloride (20.86mm) in 40cm” dry ether at
—19600. The mixture was allowed to warm to room temperature

with stirring, then stirred at room temperature overnight.
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All solvent was then removed under vacuum, replaced with
ca ’1OOcm3 dry toluene, refluxed for 30 minutes and filtered
whilst hot, giving a white solid (LiCl) and an orange
solution. After cooling to room temperatﬁre, the filtrate

deposited orange crystals of di-p=tolylmethyleneaminotin(II)

. . T
chloride dimer, [}pCHBC6HA)2CNSn Ic{]g, m.p. 190-198°.

Found: C = 49.6; H=4.3; N = 3,65 Cl = 9.3%

M, by cryoscopy ©646.

950H28N28n2012 requires C=49.7; H=3.9; N = 3.9
Cl = 9.8%; M 724

anax (Nujol Mull): 41606vs, 1577vs, 1550vs, 1501w, 1492w,

1405v w br, 1313w, 1308vw, 1297s, 1258s, 1211m, 1186s, 1181s,
1156w, 1117m, 1041w br, 1019m, 982m, 977w, 961w, 936s, 892w br,

858m, 82%vs, 788m, 746vs, 732vs, 696m, 681m, 625s, 493s,

474s br, 407w, 362sh cm™ .

(iv) Preparation of di-t-butylmethyleneaminotin(IT)chloride

A solution of 32.53 mmol of di-t-butylmethyleneamino-
lithium in ca BOcm3 ether/hexane was added to a suspension
of 6.68g. anhydrous tin(II)chloride (32.53mm) in 4Ocm” dry
ether at -196°C. The mixture was allowed to warm to Toom
temperature with stirring, and then stirred overnight.
Solvent was removed under reduced pressure, replaced with
6Ocm5 dry toluene, refluxed for 1Ominutes and then filtered
when hot giviﬁg a grey solid (LiCl) and a dark brown solution.
Cooling of the filtrate gave a yellow microcrystalline solid

identified as di-=-t=butylmethyleneaminotin(II)chloride dimer,
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[%utchSnIIC%} m.p. = 75 - 78°C,
o

Found: C = 36.9; H = 6.4; N = 4.5 Cl = 12.1%

M, by cryoscopy, 471.

e E 3 —_ &3 ° — . — N
049H56N28n2u12 reguires C = 3%26.7; H=06.1; N = 4.8;

Cl = 12.1% M, 589.

Y max (Nujol Mull) 1592w br, 1551vs br, 1390sh, 1376sh,

1261w, 1207s, 1040m, 962s, 923w, 832w, 795w, 733w, 721w,

656m, 600s, 490s, 383sh cm™ .

(v) Preparation of bis(di-p-tolylmethyleneamino)tin(II)

dimer.

A solution of 21.91 mmol di-p-tolylmethyleneamino-
5

lithium in ca 70cm” ether/hexane was added to a suspension

of 3.1736g. of anhydrous tin(II)chloride (10.95mm) in 40cm>
dry ether at -196°C. It was allowed to warm to Toom tempe-
rature with stirring, and then stirred overnight giving an
orange-red suspension. All solvent was removed under

reduced pressure replaced with 5Ocm5 dry toluene, warmed

to reflux temperature, and filtered whilst hot. The deep

red filtrate was concentrated and cooled overnight at 20°C

at which temperature it deposited a deep red microcrystalline

salid, bis(di-p-tolylmethyleneamino)tin(II) dimer,

[}kp—CH506H4)2CN-}anIﬂ o W Pe 18 - 1259,
[k

Found: C = 67.65 H=5.3; N = 5.2; Sn = 21.9%

M, by cryoscopy, 865.

C6OH56N4SDQ requires C =67.3; H=5.2; N=5.2;

Sn = 22.1; M, 1069.
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Y max (Nujol Mull) 1609vs, 1589vs br, 1558 s br, 1502m,

1409m br, 1360s br, 1307m, 1288s, 1260s br, 1211s, 1193%w,
1179vsg, 1150m, 1112g, 10%8m br, 1021s, 951m, 922s, 891s,
826vs br, 803s, 7/82s br, /3%4vs, 671s br, 630s, 604s br,

586m, 471vs, 365sh cum” .

(vi) Preparation of NJNldiphenylacetamidinetin(II)

dichloride adduct

2.92g. of anhydrous tin(II) chloride (15.45mm) was
mixed with 3.2494g, N,N'-diphenylacetamidine (15.45mm) in
4Ocm5 dry toluene at room temperature with stirring. Whilst
partial solution occurred, the reaction mixture was refluxeéd
for 18 hours and the slightly cloudy solution was filtered
hot. To the colourless filtrate ’1Ocm5 dry hexane was added

and then cooled to -20°C. A white solid was produced over-

night and was identified as NiNlediphenylacetamidine=tin(II)

dichloride, CHBC(NPh)(NHPh),SnCIB, m.p. 107-109°C.

Found: C = 41.6; H = 4.0; N = 7.1; Cl = 17.6%

C,]4H14N28n012 requires C = 42.0; H = 3.,5; N = 7.0;

Cl = 17.8%

Y max (Nujol Mull)  3275vs, 1638s, 16025, 1597s, 1570vs,

1500s, 1486s, 1423m; 1400vs, 1258w, 1226w, 1216m, 1172w,
1148vw, 1076w br, 1040m, 1025m, 1005m, 998vw, 969m, 856m,
822vw, 812m, 765s, 748s, 728w br, 698vs, 670m, 638v w br,
614w, 563w, 537w, 521w, 517w, 508vw, 495m, 452m, 430m,

397s, cmm/‘°
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(vii)  Preparation of N,Nl=di-p—tolylacetamidinetianI)

dichloride adduct.

2.49¢. of anhydrous tin(II) chloride (18.41mm) was
mixed with 4.3858z. N,N'-di-p-tolylacetamidine in 45cm’
dry toluene at room temperature with stirring. The reaction
mixture was refluxed for 20 hours, filtered whilst hot and
the filtrate cooled to -20°C. A white solid was formed

overnight and identified as N,Nl-di—p—tolylacetamidine—tin(II}

dichloride, CHBC(NC6H4PCH5)(NHC6H.4pCH5)° SnCl, m.p.= 127-131°¢C.

Found: C=45.4; H=14.65 N =6.0; Cl =17.0%

016H48NESDC12 requires C = 44.9; H = 4.2; N = 6.5;

Cl = 16.6%.

) pax (Nujol Mull)  3272vs, 41638m, 1608sh, 1588vs, 1564vsbr,

15128, 15008, 1408s, 1395s, 1347m, 1317w br, 1285vw, 1232m,
1204m, 1187w, 1175w, 1108w, 1037s, 1027m, 1019m, 97/2vs,
947w, 939m, 866s, 850s, 840m, 824s, 819vs, 806s, 780m, 757m,
730w, 714s, 696vw, 677s, o44m, 632m, 623vw, 617vw, 572m,

Sel4m, 523vs, 502vs, 469w, 451s, 4425, 415vw cm™ .

(viii) The Preparation of N,N'-di-p—tolylacetamidinotin(TI)

chloride dimer.

20.20mmol of N,Nl—di-p—tolylacetamidinolithium in ca
/IOOcm5 ether/hexane was added to a suspension of 3%.83g.
anhydrous tin(II)chloride (20°20$m) in 30cm? dry ether at
=’l96OC° The mixture was allowed to warm to room temperature

with stirring,and stirring was continued overnight. Solvent

was removed under pressure, replaced with BOcm3 dry toluene,
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refluxed briefly and then filtered whilst hot. After
5

cooling to room temperature, 15cm~” dry hexane was added
to the colourless filtrate which was then cooled to -20°C.
A white microcrystailine solid formed rapidly and was

identified as EJNl—di=p=tolylacetamidinotin(II)chloride,

1T o]
[CHBC(NC6HAp.CH5)QSn C%]g, m.p. = 250 = 270 (4d).
Found: C =50.1; H=4.2; N=7.1; ClL = 9.2%

M, by cryoscopy, 656.

Q52H34N28n2012 requires C = 49.,1; H = 4.3; N = 7.1;

Cl = 9.1; M, 782.

Y max (Nujol Mull) 1638w, 1610w br, 1569w, 1502vs, 1491vs,

1410vs, 1%364vs, 1312m, 1290s, 1271m br, 1250w br, 1220s,
1174w, 1110m, 1040w br, 1033w, 1078m, 986w, 960w, 939w,
854vs, 845m, 830w, 820w, 807s, 790w, 750w, 724w br, 710m,
o62w, ©6b4w, o42vw, 629w br, 58/vw, 572m, 561m, 5245, 510w,

498w, 436w, 415w, 377w, cm” .

(ix) Preparation of bis(NﬁNldiphenylaeetamidino)tinII

20.01 mmol of N,N —diphenylacetamidinolithium in ca
100cm® dry ether/hexane was added to a suspension of 1.8979%¢.
of anhydrous tin(II)chloride (410.00mm) in BOcm3 dry ether
at =196°C° The mixture was allowed to warm to room tempe-
rature with stirring, and stirring was continued overnight.
Solvent was removed under pressure from the buff-=coloured

5

suspension, replaced with 60cm” dry toluene and refluxed
for 5 minutes prior to filtration. The pale-=yellow filtrate
was concentrated and a little anhydrous hexane added. A

white microcrystalline solid was formed and 1identified as
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bis(N,Nlﬁdiphenylacetamidino)—tin(II),l}?HZC(NPh)E} SHI%} ’
- 2

m.p. = 220-226°, n

Found: C = 62.2; H=14,9; N = 10.0; Sn = 22.3%
028H26N4SD reguires C =62.65 H-=4.8; N = 10.4;
Sn = 22.1%

V pax (Nujol Mull)  1630m, 1592vs, 1573w, 1530vs br,

1486vs br, 1414s br, 1355w, 1332w, 1306w, 1287m, 1268s,
1246w br, 1220vs, 1170m, 1167m, 1154m, 1112vw br, 1071s,
1026s, 100%m, 977m, 962w, 956w, 911w, 907s, 902s, 870vw br,
829vs, 812m, 772s, 753s, 74%vs, 700vs, 694vs, 661m, 649w,

618w, 605vw br, 574w, 561m, 520vs, 486w, 425m cm—/]°

(x) The Preparation of bis(N,Nl—di:prtolylacetamidino)tin(II)

22.62 mmol of N,N'-di-p-tolylacetamidinolithium in
ca 8Ocm5 ether/hexane was added to a suspension of 2.1462¢g.
anhydrous tin(II)chloride (11.31mm) in 200m5 dry ether at
=196°C, The mixture was allowed to warm to room temperature
with stirring, and stirring was continued overnight. Solvent
was removed under reduced pressure, replaced with 4Ocm5 dry
toluene, refluxed for a few minutes and then filtered whilst
hot. The yellow filtrate was cooled to -20° and off-white
crystals were formed overq}ght, identified as bis(N,Nl—di=p=

tolylacetamidino)tin(II), |{CH,C(NC,H pCcH,) b sntt| . m.p. -
30 N6y PCH5)op

205 - 213°¢, n
Found: C=64.7; H=05.7; N=09,6; Sn = 20.0%

052H54N4Sn requires C = 64.8; H = 5.7; N = 9.4;

Sn = 20.0%
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anax (Nujol Mull) 1635w br, 1610m, 1566m, 1528s br,

1510vs br, 1498vs br, 1352s, 1357s, 1300s, 1245sh, 1219vs,
M72%m, 1104s, 1015w br, 978w, 955w, 933w, 852vs, 839vs,
826w, 815m, 798m, 778w br, 747m, 727w, 722w br, 707m,

650w, 622w, S46s, 516vs, 493m, 450w br, 417w br, 365m cm” .

4.3, Discussion

4.3.1. Preparation and stability of the new tin(II)

compounds.

Compared with other main group 4 elements, the chemistry
of tin(II) compounds has been a relatively neglected area
of research. Literature perusal reveals few well-defined
covalent tin(II) compounds and in particular the tin(II)-
nitrogen bond has been very elusive. Indeed the first
unequivocal identification and characterisation of the tin(II)
- nitrogen bond was claimed when bis(dimethylamido)tin(II)
was synthesised in 1974 (166). The principal cause of
inactivity in the field of tin(II) compounds is considered
to be, in the first major review of the chemistry of biva-
lent tin, the preparative and analytical difficulties arising
from the ease of oxidation of theelement in its lower
oxidation state (161).

Despite the extreme care taken in the handling of the
new compounds which comprise this present work, the evidence
of partial decomposition, whilst at a variable rate, was
compelling. Sensitivity to atmospheric oxidation is en-
hanced in solution, and molecular weight determinations, by

cryoscopy, where such were possible, gave rise to values
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which were consistently low although greater than the
value attributable to the monomeric species. Some of
the compounds were highly coloured eg (RQCN)gsnII, R = Ph,
p-tolyl) caused presumably by the interaction of the SnII—N

bond with the (=N group and subsequent modification of the
7f—system of the attached aromatic rings, rather than an
N—3 Sn (p—d) electronic transition. Exposure to the
air for short periods of time caused hydrolysis to the
parent methyleneamine or amidine, indeed the isolation of

Ph CNH(PhchSnIICl)QC7H8 whilst preparing the dimeric

IT

2
diphenylmethyleneaminotin(II)chloride, (PhchSn

01)2, was
a consequence of such partial hydrolysis (80). During
exposure to air coloured compounds rapidly whiten, and
after longer exposure there is evidence in some instances
of a very broad band in the infrared spectrum at (520-
560)cm_q, assignable to a tin-oxygen stretching vibration
(201). In addition to the hydrolysis of the highly reactive
tinII—nitrogen bond, some direct oxidation by oxygen may
also occur, a behaviour typical of dialkylamido-tin(II)
compounds eg [(MeBSi) ﬁ] sptl (186).
2 1.2

With the exception of the simple adducts of tin(II)
dichloride and the appropriate methyleneamines and amidines,
the new compounds were prepared exclusively by reacting the
corresponding lithio derivative with tin(II) dichloride,

usually in anhydrous ether, with the elimination of lithium

chloride (eguation 4.1 — 4.2).

. . .
SnCl2 + n AmLi ———— ¥ » AmnSnClg_n + nLiCl 4.1

(Am represent the N,Nlndiphenylacetamidino group
MeC(NPh)g)
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Sn012 + nR20=NLi —_— <R20N>HSDC12—D + nLiCl 4.2

Such a route employing N-lithiated reagents has been used
quite extensively as a means of synthesising Metal -
nitrogen bonds and examples of these include PhC(NMe)gMPh

5
(202) (M = Sn1V, s1), [(CHB)EN] sntl (166) |
z
MeBSiN<ECH23jNSiMe3 (n = 2,3,4) (186), [kCH(SiMeE)g] anll
v
Sn

(184) and Sn

Z

1T r 1
[§0Me2(CH2>BCMe2] , (187).

It was hoped that in the new compounds synthesised, the
ligands employed, i.e. methyleneamino and amidino groups,
would have a steric requirement sufficient to stabilise
divalent tin in a two-co-ordinate condition but this was not

achieved. All the new derivatives in fact attain a co-ordi-

nation state greater than two by means which include the
use of nitrogen bridges. The new compounds are listed in
Table 4.1 and to facilitate discussion they are arranged
in two groups.

Table 4.1

The New Tin(II) Compounds

Group A: Methyleneamino- derivatives

(p-tolyl) CNHSn TC1, White Solid

Bu® oNH. 80" T01,, White Solid
1T,

[(p—tolyl)2CNSn C{j Orange Crystals

2
k¥ 1T . .
Bu 2CNSn Cl Yellow Microcrystalline

2 Solid

{(p—tolyl)ch}gsnIi] Ped Microcrystalline
2 Solid
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Group B: N,Nl-diaryacetamidino— derivatives

CHBC(1\11?>h)1\ml>h.,SnH(zl2 White Solid

. TT : .

CHBb(NC6H4pMe)NHC6H4pMe,Sn Cl, White Solid

C ol TT . .

[bHBC(NC6H4pMe)ESn C{]g White Solid
[CHBC(NPh)g} SnII] Of f-White Micro-
L n crystalline 5-1id
{CHBC(NC6H4pMe)}SnII Of f-White Micro-
2, n crystalline Solid

4.3.2. Characterisation and spectroscopic properties of

methyleneamine adducts and methyleneamino

derivatives of tin(II)chloride

The adducts RngNH,SnCl2 t)

were prepared by refluxing (in toluene) equimolar mixtures

(R = Ph, (80) p-tolyl, Bu

of the appropriate methyleneamine and anhydrous tin(II)
chloride for about 24 hours, followed by cooling to about
-20°, Whilst no evidence of their molecular state was
obtained, they are likely to be monomers with three-co~ordi-
nate tin.

A previous study, of a series of di- and tri-substituted
methyleneamines (R1R20=NR52 (8) on the effect of co-ordination
to a proton or boron(III) fluoride has shown that the azo-
methine stretching frequencies, ¥ (C=N), increased notice-
ably by amounts which depended upon the nature of Rl, R2
and RB° The shift of the C=N stretching frequency upon

co-ordination is in the opposite sense to that observed with

co-ordinated phosphine oxides, sulphoxides, ketones and other
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donor groups. Indeed the co-ordination of ketones RlECO,
(203=205) or other carbonyl compounds RCOX, (204-206) to
Lewis acids MXh through the carbonyl oxygen is usually
accompanied by a marked decrease in the carbonyl stretching
frequency Y (C=0). The generality of this finding has been
used not only to identify the co-ordination site in com-
pounds with more than one potential donor atom (204,207),
but also as a guide to the relative acidities of a series
of Lewis acids (206). The increase in Y (C=N) of methyl-
eneamines on co-ordination may be compared with the increase
which invariably occurs in Y (C=N) of nitriles (6) on the
formation of adducts RCENMXD. Although this increase is
thought to arise in part from the mechanical constraint
applied to the nitrogen of the co-ordinated nitrile (208),
there is X-ray crystallographic evidence (209) to suggest
that co-ordination is accompanied by a shortening of the
C=N bond i.e. a fractional increase in its bond order.
There may well be a comparable fractional increase in the
C=N bond order of methyleneamines on co-ordination.

When methyleneamines are co-ordinated to weak Lewis
acids, the change in the azomethine stretching frequency
Q(C:N) is much less pronounced. Co-ordination of
diphenylmethyleneamine, Ph,C=NH, to boron (59), aluminium
(62) or gallium (63) alkyls revealed insignificant changes
in 9(O=N), results which were considered to be congistent
with very weak co-ordination.

Similar observations are made with the adducts of

various methyleneamines with tin(JII)chloride (see Table 4.2).
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Table 4.2

Methyleneamine Stretching Fregquencies % (C=N) of the Parent

Methyleneamine, their Hydrochlorides and their Boron(III)

Chloride and Tin(II) Chloride Adducts

R,C=NH R,C=NH.HC1 | R,C=NHBF R,C=NHSnC1

2 2 2 3 2 2
R = Ph 1605acm"l 16550m—1 1628cm” ! 1594cm-4
-1 1 1 1
R = p-tolyl 1610cm 1643cm 1626cm 1606cm
®
R = Bu® 1604%cm™ 1 | 1670cu™! | 1672en™T | (1670) 1598cm™

a liquid film; all other figures refer to Nujol Mulls.

k

t o~ +
caused by Bu 2C—NH2

It may be seen that ‘Q(C=N) for co-ordinated molecules
differs but slightly from the parent methyleneamine and
may conceivably be regarded as arising from the different
physical state of the samples. ©Small, but unspecified,
changes are also reported for corresponding adducts of
tin(II)chloride and quinoline, pyridine, B -picoline and
piperidine, whilst in the compound (PhEC=N)5HSn201207H8
(80) the stretching frequency VY (C=N) assigned to the
co-ordinated methyleneamine molecule is ’I6OOcm_q° In all,

situations in which the weak Lewis acids tin(II)chloride

co-ordinates to nitrogen-~containing bases, as outlined above,
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contrast sharply with the change of Y (C=N) to higher
energies as observed when strong Lewis bases, including
tin(IV)chloride, are similarly co-ordinated.

Whilst the greatestattention has been given to the
effect of co-ordination on the azomethine stretching
frequency, » (C=N), the band assignable to the N-H
stretching frequency also undergoes change.

Co-ordination to tin(IT)chloride causes this band to
sharpen and move to slightly lower frequency, but the
broadness of these bands in some of the parent methylene-
amines prevents precise measurements of such changes.

Whilst the lH——NMR spectra of the adducts seemed un-
likely to provide further structural information they were
recorded as solutilions in CDCl5 at about 42°C (Table 4,2)

The H'-NMR spectra of the methyleneamine-tin(IT)
chloride adducts are relatively simple. All the peaks in

the methyleneamine spectra referred to appear to be moved

to lower fields on co-ordination to tin(II)chloride, the
changes being, in general, most marked in the case of the
N-H peak. These chemical shifts on co-ordination are in
the direction expected on electronic grounds since
co-ordination through nitrogen should result in deshielding
of the nitrogen-attached proton and, to a lesser extent,
the adjacent protons, but in a different direction to that
observed in the organoaluminium- (62) and organogallium-—
diphenylmethyleneamine (63) systems already mentioned.

Mass spectra were obtained for each of these compounds but

no tin- containing fragements were gencrated.
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Table 4.3

H-NMR Spectroscopic Data For Some Methyleneamino-tin(II)

Chloride Adducts

718‘ values ppm.
Compound
Ar H CH5 N H
Ph,C=NH 2.07, 2.4, - -0.16s (1)
2.18, 2.3,
2.4(m) (10)
Ph,C=NH.8nCl, 1.90, 2.0, - ~0.45s (1)
2.08, 2.2
(m) (10)
(p-toly1)20=NH 2.07, 2.18, | 7.27s(6)| 0.12s (1)
2.52, 2.8%
(m (8)
(p~tolyl,C=NH.SnCl, | 1.80, 1.93,| 7.12s(6)|-0.53sbr(1)
2.03, 2.28,
m (8)
ButBC:NH - 8.10s | -0.15sbr(1)
(18)
Bu® C=NH.SnCl, - 8.07s | -0.30sbr(1)
(18)

162.

Relative intensities in parentheses; a: relative to | (TMS)

S singlet; br

m

= broad

unresolved multiplet

ref

10ppm (external

erence)
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For the methyleneaminotin(II) derivatives,
(R,C=Nsn™'X) R = Ph, (80) p-tolyl, Bu®, X = Cl, the
evidence taken overall suggests that they are probably
dimeric. In all cases the determination of molecular
weight, by cryoscopy in benzene, was hampered by sample
decomposition. Nevertheless the values obtained, although
less than that required by the dimeric molecules, were
gignificantly greater than the monomeric values. The
infrared spectra of these compounds shows only one azo-
methine stretching frequency »y (C=N), and this is assigned
to a bridging methyleneamino unit (Table 4.4). The lH-NMR
spectrocopic data for these compounds are recorded in
Table 4.5 and are in accordance with their proposed structure
(Figure 4.6 ; R = Ph, p-tolyl, But, X = Cl) in which stability

has been gained by intermolecular Sn-N bridging bonds (cf
Sn = halogen bridges in the associated cyclopentadienyl-tin

(II)= chloride and - bromide)(210). Such bridging bonds

CR

ll

2

Q o
H @

CR2

Figure 4.6

preclude polymerisation via tin=tin bonds with the formation
of tin(IV) species. Such a structure has been confirmed

for dimeric diphenylmethyleneaminotin(II)chloride.
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Table 4.4

Azomethine Stretching Frequencies, v (C=N), For Some New

Methyleneamino Derivatives of Tin(II)

) (C=N) cn”!
Compond
Terminal Bridging
Ph_CNSn1t
SCNSn™"C1 (80) - 1564
-2
B IT
(p—tolyl)ECNSn O@ - 1578
L 2
-
ButECNSnI101] - 1551
- 2
i (80)
1T
(PheCN)QSn ] 1600 1570
- 2
( II
p—tolyl)ECN 28n 1608 1589
2
(80)
{(But2CN)2SnI%} 1628 1560
n

All spectra were recorded as Nujol Mulls
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(Ph20=NSnIICI)2, by X-ray crystallography (211). It
reveals in particular a basic four-membered (SnN)Q ring,
a three-co-ordinate pyramidal environment of the tin
atoms and fthe abgence of metal-metal bonds. 1The mass
spectra of the methyleneaminotin(II) compounds are discussed
later, but in general they were disappointingly unproductive.
The bis(methyleneamino)tin(II)derivatives, (R2€=NSDX)n
R = Ph (80), p-tolyl, Bu® (80), X = R,CN, also showed
evidence of partial sample decompogition. Nevertheless the
dtermined molecular weights, by cryoscopy, suggest a dimeric
structure exists in solution for [ERgczN)QSn] R = Ph,
p-tolyl, but the very low value for bis(di—t—bﬁtylmethylene-
amino)tinII - consistently below the monomeric formula
weight - allows the feasibility of a monomeric state for
this compound. However, the infrared spectra of these
bis(methyleneamino)tin(II) derivatives show two azomethine
stretching frequencies, Y (C=N), which are assigned to
bridging and terminal methyleneamino ligands (Table 4.4)
observations which are guite consistent with the proposed

associated structure for the compounds [(R20=N)2Sn] , R = Ph,
2

p-tolyl, Butg in the solid state (Figure 4.6. pagé 163) .

Few assignments for SnII—N gstretching freguencies have been

-
reported. For bis(dimethylamido)tin(II), (MegN)QSnrﬂ ,
- 2

11

a band at 44Ocm—1 has been assigned to Sn "-N stretching

-

(166), and it has been suggested that for {(MeBSi)gN} Snlﬂ
2 2

and some related compounds, P (SnTi-N) lies at ( 350=-400)
as

cn™ with the symmetric vibration some 10-22cm™! below

this. (186). Whilst Li(But2CN)BSnII, [(But2CN)2SnII} (80)
n
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and [}p—tolyl)2CNSnIIC%]2 do show reasonably well defined
absorptions at 406, 388 and 407 cmnq respectively, no
such bands were found in the spectra of the other methyl-
eneamino derivatives of tin(II). For (ButchSnIICl)2 and
[{(p—tolyl)QCN} SDI%] shoulders are seen at 383 and 365
cm“q respectiveli, Abiorptions of medium intensity would
be consistent with the considerable polarity expected for
the SnII—N bond and therefore the inconsistency of the
data prevents the derivation of firm conclusions concerning
the position of D(SnII=N) in these compounds. The
lH—NMR data for these bis- compounds support the proposed
structures, for asTable 4.5 shows, the bis(di-p-tolymethy-
leneamino)tin(II) dimer gives but one methyl resonance at
ambient temperature (ca 42°%) and temperatures down to -45°,
Clearly the structure described, with both terminal and
bridging methyleneamino groups, possesses moieties in non-
equivalent sites. Presumably, exchange is occurring at a
high enough rate, compared with the NMR time scale, for
the inequivalence of the p-tolyl groups not to be detected.
The spectrum of the di-t-butylmethyleneamino compound

II, already shown to be associated (probably

(Bu®,oN)sn
2
dimeric) in the solid state, with bridging and terminal
methyleneamino units, but feasibly in a monomeric state
when dissolved in benzene (cryoscopy), evidencesa single
t=butyl resonance at 42° similar to the spectrum of
EButZCN>2Mé]2= see Chapter 2. This contrasts, however, with
the results obtained for the compounds (}BthCN)qu (M = Be,
2

Zn) whose spectra detect the non-equivalence of bridging
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Table 4.5

H-NMR Spectroscopic Data for Methyleneaminotin(II)

Derivatives [ﬁgCNSnIIX]r, R - Ph, p-tolyl, Bu';
C |
X = Cl, R.CN
Compound *r a values ppm
TT,.. |
[?hQCNSn ClJ (80) Ar - H 1.95m br
2
_ IT
Ep—tolyl)chSn c{] Ar - H 2.415m br (4)
o
CH, 7.05s br (3)
/
[ButchSnIICﬂg C-H 7.9br
(p=tolyl),CNY Sno Ar = H 2.84m (&)
27027 b
— CH5 7.24s br (3)
[gBut20N>2SnI{] (80) C-H 8,775 0
n

Relative intensities in parentheses

a:

b:

relative to T (TM8) = 10ppm (external reference)

partially resolved (d8toluene) at =100°C as doublet

separation 0.10ppm

All other spectra in CDCl5 solution

S

singlet;

m:

unresolved multiplet;

1

br: broad

167.
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and terminal methyleneamino groups even at ambient
temperatures (50). For the tin(II) compound the t-butyl
resonance is partially resolved into two signals at
-100°C and these may be probably assigned to terminal

and bridgirg methyleneamino groups. This thermal dependence
of the spectrum is similar to that observed for dimeric
bis@methylamido)tin(II) (166) which gives a methyl
signal resolvable into a doublet at ~40° corresponding

to the bridging and terminal dimethylamido groups. These
groups undergo exchange at too rapid a rate for their
inequivalence to be detected at a temperature of 420, but
at -40° the reduced rate of exchange is detectable. This

is 1likely to be the explan=ation of the lH—NMR spectrum of

(But20=N)ESnII rather that the existence of a dimer;:imonomer
equilibrium, particularly when [EButch}gB{] is dimeric
2

in both the solid state and in solution.

It seems likely therefore that bis(di-t-butylmethyl-
eneamino)tin(II) is associated (probably dimeric) in both
the solid state and in solution.

For the few mass spectra of compounds containing an
SnII—N bond so far reported, the fragmentation patterns
“would seem to arise predominantly via cleavage of the tin-
nitrogen bonds. In the mass spectrum of dimeric bis(bis
(trimethylsilyl)amido)tin(II) for example, [{(Me581)2m}28n119
the highest observed ion (at 70eV) is 2P" with several
polyisotopic ditin fragments between P+ and 2P* correspon-—

ding to the loss, in various combination of Me, MeBSi, and

N(MeBSi)2 (166). The spectrum of dimeric bis(dimethylamido)
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tin(II), [SDII(NMeg)é} however showed no peaks beyond

.}.

Sn(NMe -but consisteg also of two clusters of over-

2)2
lapping peaks. These correspond to HSnNMe2+, SnNMe2+

-+

) T2k - k] : ) 3 ol T+ =] 0 2
and Dnh(oﬂg)cH? and also to the overlap of SnH and Sn

(1660) the evidences of SnH ions being evidently well
known for organotin compounds (212).

In general terms, the mass spectra of the new methyl-
eneamino tin(II) compounds were disappointingly unproductive.
1T

For the adducts RQCNH.Sn

and the bis(methyleneamino)tin(II) dimers, [?Rch)gsnrq
2

Cl, (R = Ph (80), p-tolyl, Bu®),

R = Ph, p-tolyl, the mass spectra did not show any tin-
containing fragments even when recorded using a low source
temperature and low accelerating potential. However, the

reported mass spectra of [(ButhN)QSnII] and (Ph CNSn1101)
n 2

2
do have tin-containing fragments (80). In the case of

bis (di—t—butylmethyleneamino)tinII, the tin-containing

fragments generated were monotin-species and included

t t
2

break-down fragments. Whilst there were peaks with m/e

(Bu®,0N) 0%, Bub,CN.Bu®,Sn*, Bu,CN.Bu®cNSn' and subsequent
ratios greater than the monomeric value, eg. (BthCN)BSn+,
these were assumed to be the result of recombinative

processes rather than being confirmative of the dimeric or
associated state of the compound. In the spectrum of
diphenyl-methyleneaminotin(II)chloride dimer however,

(PthNSnII

Cl) the strong evidence of its dimeric nature

2
was further reinforced by its mass spectrum, and further-
more the presence of four di-tin fragments (one of consider-

able intensity) was regarded as reflecting the stability
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of the Sn-N-Sn bridge when tin is bonded to electron
withdrawing groups such as chlorine. Whilst the infra-
red and lH~NMR data for di-p-tolylmethyleneaminotin(II)
chloride, together with its cryoscopically determined
molecular weight, support its dimeric nature, the evidence
from its mass spectrum was much less conclusive. The
ditin fragments, particularly, are uniformly »H>f low
intensity and the m/e values quoted (Table 4.6) are
necessarily imprecise.

Although fragments such as (p=tolyl)2CNSn2012+ support
the existence of methyleneamino-~ bridging species, their
low relative intensities cannot be used to support the
view that the Sn-N-Sn bridge is stable when tin is bonded
to an_electronegative element such as chlorine. The mass
spectrum therefore of dimeric di-p-tolylmethyleneaminotin(II)
chloride, contained fewer ditin species than reported for
its phenyl analogue, and no fragments corresponding to the
dimeric ion were generated. However, subsequent attempts
to reproduce the mass spectrum of this compound were un-
successful, the only tin- containing fragments being Sn012+
and SnCl1™. This suggests that the difference between the
phenyl and p-tolyl compounds, (R20=NSnIICI)2 R = Ph, p=-tolyl,
may be apparent rather than real, and might be caused by

different degrees of partial decomposition.

4.3.3, N,N'-disubstituted acetamidino derivatives of

two=covalent tin

Before the characterisation and spectroscopic properties

of the new acetamidinotin(II) derivatives are described




Table 4.6

Major Metal-Containing Fragments in the Mass Spectrum

of Di-p-tolylmethyleneaminotin(II)chloride dimer,

(p—tolyl)ECNSn

1T
o],

J

m/e Relative Intensity Assignment

.
518 0.5 (p—tolyl)20N8n2012
263 0.5 (p-tolyl) CNSnC1*
211 20 (p-tolyl)sn*
208 100 (p—toly1)20N+
190 5 SnC1,"
1%2 100 p=tolyl°NC,CH5+
120 5 Sn”

m/e values refer to the peaks containing 120Sn and 3501

the most abundant isotopes.

177,
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(part (b) begins on page 179), a brief description is

given of the structures of selected metallo derivatives
which contain the symmetrically disubstituted amidino ligand.
This introduction is also intended to serve as a background
to the next chapter (Chapter 5) concerned with new
N,Nl—diarylacetamidino derivatives of Group IV elements,

principally tin, in an oxidation state of +4.

(a) Introduction

By comparison with the methyleneamino ligand the
symmetrically N,Nl=disubstituted amidino ligand (RNCRINR)
has available a greater variety of bonding possibilities.
Of interest is its isoelectronic realtionship with both
allyl and carboxylato- groups and its ability to adopt
bidentate or bridging bonding modes characteristic of both
of these groups. The range of bonding possibilities is

summarised in Figure 4.7 (a - g).

The ligand can fulfil a one electron or three electron
donor role to a single metal atom, or may bridge between
two atoms, as Figure 4.7 shows, both localised and delocalised
arrangements being known. Structures involving the ligands
in monodentate derivatives (a), proposed on the basis of
spectroscopic data, include M(PPhB)2 (pMeC6H4NCH=NC6H4pMe)Cl
where M = Pd, Pt, apparently stable in the solid state but
decomposing in solution (213). Proton-NMR spectra suggest

a reversible fluxional behaviour such as that shown in

equation 4.%. Another interpretation proposes a localised

g , T —-bonding in which an M-N &-bond is supported by an
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Bonding possibilities for N,Nl—disubstituted amidino ligands
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olefinic-type bonding through the C=N double bond (equation

4.4) This violates however the preferred four-co-ordination
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of Pd (II) in its complexes, and also contrasts with a
rationale proposed for the closely-related triazenido complex,
P+t(PPh

(pMeC_H N—N=NC6H4Mep)2 (56).

5>2 64

Whilst another example in which the ligand may be
acting in a monodentate manner (Figure 4.7a) is the unstable
adduct (R—NH—CH:NR)2 Cu(OAc)g(R = Ph, p-tolyl) (Figure &.8),

a structure proposed purely on the basis of molecular weight

R=NH-CH=NR
¥
%H(OAC)
R-NH-CH=NR

Figure 4.8
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determination and chemicél reactivity without any spectro-
scopic evidence (214), it would seem that unidentate
amidine groups are generally formed only with reluctance.
This presents a sharp distinction between amidino and
carboxylato groups, despite their electronic and structural
resemblances, for the latter seems to prefer to adopt a
monodentate or bridging conformation as in Mn(CO)BOCOR
(215, 216) and Rh(CO)E(OCOR)2 (60) respectively. The
few examples of bidentate carboxylato groups bonded to
transition metals in low valent complexes seem to be mostly
confined to the heaviest metals of the series eg. Ir sr Os
(218).

Most of the reported N-metallated amidino derivatives
are of transition metals and the majority of these compounds

contain chelate bidentate ligands, probably of the 4,& -type

with the metal atom in the plane of the CN, unit (Figure 4.7,
c and d) although the precise mode of attachment may not be
absolutely certain. The favoured structure for

(- C5H5)M(co)2RlNc(R)NR1 (219) (M = Mo, W; R = Ph;

R - H, Ph, p-tolyl) is the delocalised one (Figure 4.7c)

with the ligand strictly comparable with bidentate carboxylate
groups. Further examples of transition metal amidine
derivatives include those of Pt and Pd (219), Mn (220), Fe
and Co, (221) Ni (219, 222), Mo (219, 223), W (219), Cr (223),
Rn (224), Ta and Nb (225) and Cu and Ag (222, 226).

The amidine groups can also act as a bridging ligand

between two metal atoms (Figure 4.9) similar to the closely

related triazinido (227-228) or carboxylate ligands (229).
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(230) and Mo2 {PhNCPhNPh} (22%3) but the nickel derivative
m

[(C5H5>Ni PhN;C(Ph)BEﬁﬁ might well be polymeric via
n

Examples of such derivatives include[Pd(pMeC6H N CH NC.H Mepﬂ
2

bridging amidino groups (219). Derivatives of copper (I)
and silver, eg copper(I)N,Nl—di—p—n=butoxyphenylformamidine,
are known which are tetrameric in benzene and may also have

bridging amidino ligands (Figure 4.10) (222). Some molybdenum

/P f—
r R N — CH=N-R
|
Cu (or Ag)
)
R N CH=N-R
Cu
~ .

Figure 4.10

and rhenium (224) derivatives exist where a metal-metal
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bond is brLdged by two or more amidine groups.

The Group IV derivatives >f N,N'-disubstituted
benzamidine which have been reported are MeNC(Ph)NMe,MMez
(M = Si, Sn) and MeBSiNC(Ph)NMeMMe5 (M 8i, Ge, Sn, Pb)
(202). In the former compounds the amidino group is
predominantly a one electron donor, but whilst lH—NMR
shows the equivalence of the N-methyl groups at ambient
conditions, the N-methyl signal is resolvable into two

components at -60°C. This result was interpreted in favour

of a very rapid equilibrium (equation 4.5) rather that the

existence of one delocalised species. In the latter series of

compounds, MeESiNC(Ph)NMe,MMe3 (M = 8i, Ge, Sn, Pb) an

Me Me
| I
NMe N N=MMe
/ /¢ N\ J/ 5
PhC —_ Ph-C’ MMe ,—— PhC
T NL AT YR 4.5
AN N N
N———'MIVIe5 | |
| Me Me
Me

equilibrium also appears to exist giving rise to a mixture

of isomers (equation 4.6). Again, localised and delocalised

SiMe,
|
N
Ph c/<7 N MM
— N e
N / 3
? 4.6
Me
. M
S|1Me3 S% 65
N N-MMe
/S 3
Ph-04y > Ph=CQ§
NNoMMe, S
| 5 :
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forms are in evidence, the former being preferred for
M = 5i, and the latter for M = Ge, Sn, Pb.

Considerable interest has als» been shown in the
chemical properties and mode »f co->rdinatiosn »>f the
isoelectronic 1,3-diaryltriazenido (ArNNNAr) ligand. The
bonding possibilities for this ligand (Figure 4.11) are
similar to those already described and discussed for the
N,Nl-disubstituted amidino ligand, and structures involving
the 1,3-diaryltriazenido ligand in monodentate (231),
chelate (232) and bridging derivatives (231, 233) (Figure
4,11 a,b-d and e respectively) have been proposed on the

basis of spectroscopic data. X-ray studies on mononuclear

Co(PhNNNPh),C-H, (227) and binuclear | Ni(PhNNNPh) )y (227)
37778 215
I | |
N N N
M// \\N' M// \ N M// \\N
: —
Iqé% N 4
| | |
(a) (b) (c)

(d) (e) (£)

Pigure 4,11

and Cug(PhNNNPh)2 (234) have confirmed the presence of

chelate and bridging ¢ -bonded ligands (Figure 4.12 b and e)
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respectively. Furthermore, structures (a) (213, 230, 235)
and (c) (2%6) have been suggested for the triazenido
complexes of the platimam metals, their fluxional behaviour
being interpreted as occurring through a type (b) or (f)
intermediate (213, 235-237). The triazinidotin derivatives

MeESn(dpt)g, PhSn(dpt)QCl, and Ph,Sndpt (dpt = 1,3-diphenyl-

b

triazine) are monomeric and proabably contain bidentate

ligands (238).

(b) The characterisation and spectroscopic properties of

the new amidine adducts and amidino derivatives of

tin(IT)chloride

The compounds discussed in this section comprise
11 Ph, p-tolyl), [MeC(NR)ESnIIX]
n
R = p-tolyl, X = Cl, n = 2; R = Ph, p-tolyl, X = RNC(Me)NR.

MeC(NR)NHR.Sn

Cl2 (R

The simple 1:1 adducts of tin(II) chloride and N,Nl—
diarylacetamidine, viz MeC(NR)NHR,SnCl2 R = Ph, p-tolyl,

were prepared by refluxing a mixture of the reagents (in
1:1 or 1:2 molar proportions respectively) in toluene for
about 24 hours followed by the addition of anhydrous hexane
and cooling to ca ~20°C. No evidence of their molecular
state was obtainable by cryoscopic measurements because »f
their sparing solubility in benzene, and their proposed
structure is based almost entirely »n features »f their
infrared spectra. Their infrared spectra, together with
those of the parent amidines, and their adducts with
hydrogen chloride and boron(III)fluoride- made for reference
purposes - are recorded in Table 4.7. Because of hydrogen

bonding, the infrared spectra of the parent amidines show
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a very broad, and therefore imprecise, absorption

assignable to the( N-H) stretching frequency. Hence

although co-ordination to Lewis acids causes a considerable
sharpening of the absorption band and indeed an increase

in Y (N-H) - the (N-H) absorption in the adduct N,N'-di-
phenylbenzamidine . Cr(CO)B, compared to the parent amidine,
is higher by ’lOOcm—/1 (223) - . in these instances &V(N-H)
could not be measured. Attention therefore was fycused »n
the change in stretching frequency of the (NCN) unit,

Y (NCN), upon co-ordination, and Table 4.7 reflects this
emphasis. Various values have been assigned to IJ(NCN) and,
for example, derivatives of tantalum and niobium such as
MO, [NR-C(Me)=NR] (R = Pr', C.H,,), have I (NCN) values
which range from 1635 - 1647 cm'q (of weak to medium inten-
sity) often with two or three other bands in the 1500 — 1600
cm ' region (225). A medium intensity absorption at 46300m_1,
found for (ﬂ’-05H5)M(co)2R1NC(R)NR1 (M = Mo, w; Rl = =,
Ph, p-tolyl; R = Ph), a bend little removed from that of
the free amidines, was assigned to a bidentate delocalised
(NCN) attachment (219). For a number of transition metal
carbonyl systems the relevant vibrations, both symmetric
and asymmetric, were considered to lie in the region

1300 - 1500 cm™ (239). Consequently, in the examination
of the infrared spectra of amidine derivatives of tin(II)7
any bands which vary from derivative to derivative, in the
range (1300 -~ 1645) are assumed to be associated with the

(NCN) stretching frequencies.
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The general pattern which emerges from the
infrared spectra of the adducts (Table 4.7) parallels
the findings for the methyleneamine adducts and endorses
the relative weakness of tin (II) chloride as a Lewis

acid. Because the amidine ligand can co-ordinate in many

Table 4.7
*
Y (NCN) of the N,N'-Disubstituted Amidines and Their
Adducts With HC1, BF5 and SnIIClg
R-N=C(Me )-NR | Amidine |Amidine.HC1 Amidine.,BF5 AmidineaSnCl2
R = Ph 1629vs 1640vs 1640vs 1637m
1535vs 1568m 15770sh 1568m
1338vs 1347m 1355w 1334vwbr
R = p-tolyl 1635vs 1641vsbr 1645vs 1638m
1532vsbr |1570vsbr 1570sh 156c4m
13238 1355sbr 1355w 1318w

*
Ag Nujol mulls

varied ways (Figure 4.7), its precise mode of co-ordination
is not easily resolved. Boron(III)fluoride is necessarily

a monobasic Lewis acid and therefore the amidine,BF5 adducts
must have amidine units co-ordinated as monodentate ligands.
Inthe parent amdines the highest Y (NCN) is assigned to

Y (C=N) and the presence of such a band in metallated deriva-
tives, little removed from those in the free emidine, may

reflect either the presence of free N,N-disubstituted



182.

amidines or, in the absence of associated (N-H) absorptions,
some vestiges of remaining delocalised (C=N). The latter
may of course be realised by the co-ordination of the
amidine or amidino ligand in a mono- or bidentate manner.
The spectra of the amidine-~ Lewis acid adducts are all
very similar, and this could mean that the amidine-tin(II)
chloride adducts also possess monodentate amidine ligands.
Such an arrangement would preserve the commonly preferred
three~co-ordinate state of two-covalent tin.

The lH—NMR spectra of the adducts were recorded,

together with the parent N,Nl—disubstituted amidines, as
solutions in CDCl5 at ambient temperatures (Table 4.8).
As with the methyleneamine,SnIICl2 adducts, the above adducts
yield relatively simple spectra at 420, unchanged on cooling
to about -400, revealing downfield movement of all peaks
on co-ordination to tin(II) chloride. The most significant
shift is that of the (N-H) peak, the size of such shift
being considerably greater than in the corresponding methyl-
eneamine—tin(II>chloride adducts, suggesting stronger
co-ordination between the amidine-nitrogen and tin. These
chemical shifts, as a whole, on co-ordination are in the
direction expected on electronic grounds reflecting in
particular the strong deshielding of the nitrogen-attached
proton, because of co-ordination through nitrogen to tin.
Mass spectra were obtained for the amidine-tin(II)

chloride adducts but no tin- containing fragments were

generated.




Table 4.8

“H-NMR Spectra of Some Amidine-tin(II)chloride Adducts

’r’a values ppm

Compound
Ar-H Amidine-Me | p-tolyl-Me N-H
AmH 2.29 br| 7.64sbr - 3,28
1T
AnH.Sn""Cl, | 2.2 7.50s (3) - 0.17s(1)
2.5 br
(10)
An'H o.43, | 7.63s 7.27s | 3.91s
2.45,
2.48,
2.50
1 I
Am H.Sn""Cl, | 2.23sbr| 7.45s (3) 7.07s 0.05s(1)
(8) (6)

a: relative to WJ(TMS) = 10 ppm (external reference);

relative intensities in parentheses;
singlet; m =

s = unresolved multiplety

br = broad.

‘ ) 1_
Am = PhNC(Me)NPh; Am'= pMeC6HﬁNC(Me)NC6H4pMeo

183%.
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As mentioned earlier, compounds of general formula
RNC(Me)NRSnX]n R = p-tolyl, X = Cl, n = 2; R = Ph, p-tolyl,
X = RNC(Me)NR, were prepared by reacting the appropriate
amidinolithium with anhydrous tin(II) chloride (in diethyl

ether) at liquid nitrogen temperatures in mole- ratios 1:1

or 2:1 respectively (equation 4.1). After warming to room

temperature, with stirring, separation of the metallated
amidine from lithium chloride was effected by brief refluxing
with toluene and subsequent filtration. The amidinotin(II)
derivatives crystallise on cooling. The bis(amidino)tin(II)
compounds,[}MeC(NR)E}gs%]m R = Ph, p-tolyl, were too in-
soluble for molecular weight determinations, by cryoscopy,

to be made. The values obtained, by cryoscopy, for the
chloro-compounds, [MeC(NR)gSnIIC£]n R = Ph, p-tolyl however,

were somewhat lower than the dimeric formula weights, yet

significantly higher than the monomeric Values[ﬁeC(NR)gan%]n

R = PhyM, by cryoscopy 551 - monomeric value 363.5 (80);

R

p-tolyl; M by cryoscopy 656 (monomer, 391). These
amidinotin(II)chlorides are therefore regarded as being
dimeric in solution. Furthermore it seems that an associated
molecular condition, evidenced in solution, persists in the
solid state, for on steric grounds a monomeric structure

for these amidinotin(II)chlorides seems most unlikely.

Such a structure for RNC(Me)NRSnIICl with three-co-ordinate
tin and a terminally attached, presumably bidentate, amidino
ligand would require a very small NSnN angle - the NSnpN

v

angles in the monomeric PhNC(Me)NPhSn™ Cl, and (Ph20=NSnIICl)2

3

are about 61° and 750 respectively (211). Hence a dimeric
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structure with bridging amidino ligands is more probable.

The infrared evidence concerning (RNC(Me)NRSnII

o1,

R = Ph, p-tolyl, shows that absorptions assignable to the
stretching frequencies of the (NCN) group are confined to
the regions (4520—4550)cm_1 and (’15’12—1552)cm_q° These
frequency ranges are assigned to amidine bridging ligands
since the spectrum of monomeric N,Nldiphenylacetamidinotin

(IV)trichloride, PhNC(Me)NPh.SnlV

015, known to have termin-
ally attached bidentate ligands has no such absorptions (80).
The infrared spectroscopic date (Table 4.9) fherefore
endorses the associated nature of these chloro-derivatives.

Their TH-NMR spectra (Table 4.10)in deuterated chloro-

form showed no changes whether run at ambient or sub-ambient
temperatures and are in accord with an associated, probably
dimeric, structure. The magnetic equivalence of the

p-methyl substituents in (p-tolylNC(Me)Np-tolyl.Snit

c1),,
down to ca - BOOC, may mean that the molecule is symmetrical.
The structure proposed for these dimeric chloro- derivatives,
RNC(Me )NRSnCl - R = Ph, p-tolyl, is shown in a simplified

form in Figure 4.12, with bridging amidino ligands and

AN

c1 N N
\\\\\\ //,// ~
: Sn Sn
™~ N N‘///// \\\\\‘01

N4
Figure 4.12

three co-ordinate tin. The extent of delocalisation of the

bridging (NCN) units is very difficult to gauge, but the
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Table 4.9

"D (NCN) for (RNC(Me)NRSnIIX‘]n R = Ph, p-tolyl; X = C1, |
T 3 ‘

RNG(Me IR .

Compound Y, (NCN)cm—/l

(PNC(Me )NPhSn™1C1) , 152%vs,  1332vw

{(pMeC6H4)NC(Me)N(C6H4pMe)SnIICl} 1530vs br, 1%12m

z

[(Pth(Me)N?h)gan] 1630m, 1530vs br,
n
1332w

{kpMeC6H4)NC(Me)NC6H4pMe}ESnIf} 1635m br, 1528s br,
n

1300w
PhNC(Me )NHPh 1629vs, 1535vs,
1338vs
(pMeC6H4)NC(Me)NH(CGHApMe) 1635vs, 1532vs br,
132%s

*
as Nujol mulls



Table 4.10

1 ]
“H-NMR Spectra For Some N,Nldisubstituted Acetamidino-

tin{II) Derivatives

Compound {T‘ values ppm
Ar - H Amidine Me p-tolyl Me
(AmSnIIClg 2.3%¢ (10) 7.63s (3) -
(An'sncl), | 2.33, 2.38 7.558 (3) 7.12s (6)
2.5m (8)
(amSott) | 2.33, 2.43¢ | 7.58s (3) -
(10)
(Amlgsn)n 2.25, 2.42, 7.62s (3) 7.16s (6)
2.55, 2.69
(8)
AmH 2.29 br 7.64s br -
AntH 2.43m 2.45, 7.63s 7.27s
2.48, 2.50

187,

a: relative to TMS (external reference); relative intensities

in parcnthescs.

about 42°C;

br = broad.

All

s = Singlet;

Am = PhNC(Me)NPh;

m

apectra run on CDC1

= multiplet;
Aml

3 golution at

¢ = complex;

= (pMeCEﬁq)NC(Me)N(C6H4pMe)
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eight-membered bridging ring would be expected to be
considerably puckered to reduce bond angle strain and
steric interactions with the tin(II) lone pairs of
electrons to acceptable levels. This means that the C=N
4rﬁsystems would be highly localised, for delocalisation
would demand the existence of a planar SnNCNSn frame-
work and such would provoke severe angle strain because
of the nearness of the two tin atoms.

The mass spectrum of dimeric N,Nl-di—p-tolylacetamid—
inotin(II)chloride was somewhat dissimilar to that reported
for the analogous phenyl derivative (80). Fewer tin-
containing fragments were generated and no fragments were
obtained which could be assigned to the dimeric ion (similar
to the mass spectrum of dimeric p=tolylmethyleneaminotin(II)
chloride discussed earlier). Again the major factor in
this disparity may be the varying degrees'of decompositions
of the two samples. The principal fragments in the mass
spectra of (RNC(Me)NRSnCl)g, R = p-tolyl, are shown in
Table 4.11,

Because of the insolubility of the bis(N,Nl—diaryl—
acetamidino)tin(II) compounds, {kRNC(Me)NR)BSnI%] R = Ph,
p-tolyl, no evidence for their églecular state wag obtained
by cryoscopy. Their infrared spectra (Table 4.9) show
absorptions which are appropriate to the presence of both
bridging and terminally attached amidino ligands. The
absorptions of medium intensity, little removed from the

Q(NCN) in the parent amidine, are not regarded as being

due to amidine impurity because of the absence of absorptions




Mass Spectrum of NiNldi—p-tolylacetamidinotin(Il)chloride

Table 4.11

Dimer
m/e Relative Agsignment | m/e Relative Assignment
Intensity Intensity
664 0.1 Aw? snc1,t | 190 2 Sncl,*
° 2 2 2
392 37 Am*snc1? 1%2| 100 CoHNCMe*
1+ . +
Z 1 o 1
237 21 A 19| 0.8 CoH N, */
+
CHNCH,,
+ +
208 0.9 CHNOC H, " | 105 1 CrHN
+ +
196 1 (C7H7)2N 91 32 C7H7

associated with the (N-H) stretching vibration. The

infrared spectrum of N,Nl—diphenylacetamidinotin(IV)tri—

chloride, PhNC(Me )NPhSn

very weak intensity at ca 1645

Iv

ca”

Cl5 (80), shows an absorption of

not far removed from
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the highest energy absorptions evidenced in these bis(amidino)

£tin(II) compounds.
crystallography (211), to have

chelating amidine ligand, and consequently the absorptions

The former

compound is known, by X-ray

a terminally attached
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/]

at 1630cm” ' and 1655cm_q for phenyl and p-tolyl derivatives

respectively, [FRNC(Me)NR)2SnII ] R = Ph, p-tolyl are

n
assigned to terminally attached amidino units. Since

IVCl5 has no absorptions in the region 1300-

PhNC (Me )NPhSn
’I6OOcm"/l due to amidine groups then the absorptions of the
bis derivative in the ranges (1528-1530)cm™ ' and (1300-1332)
cm_q are assignable to bridging amidino units. The bis-
derivatives therefore are associated molecules with both
bridging and terminal amidino ligands. Possible structures
for such molecules include those shown in simplified dimeric

form in Figure 4.13.

VS X .y
N
N\\\\ . - \\\\\ . - :)
n n
x" I N v Ny
~—_~
(a)
PN R Me
. N N N— C
y //// \\\\\ S /// X ¥R
Me n n
C-—-N /// \\\\ N N'///// K q
Nﬁé’ R N
: (b)

Figure 4.13

II—N stretching

No unambiguous assignment of Sn
frequencies for the amidinotin(II) derivatives was possible.
Tin - nitrogen stretching frequencies for the analogous

amidinotin(IV) compounds (Chapter 5) fall in the range
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(655—677)cm—1 but a comparison of these spectra with compounds
of the lower oxidation state gave unrealistic results.

The TH-NMR spectra of these bis(amidino)tin(IT)

derivatives (Table 4.10) showed small chemical shifts when

compared with those of the parent amidine. At both ambient
and sub-ambient temperatures, singlet signals corresponding
to the methyl protons whether acetamidino, in the range
1 (7.58-7.62), or tolyl, at'T/= 7.16, were obtained. A
slight broadening of the signals at about -50°C was regarded
as being caused by the precipitation of some solid complex.
A possible implication is that throughout this temperature
range the amidine groups co-ordinated to tin have identical
magnetic and chemical environments, such being inconsistent
with one possible structure, viz Figure 4.13 (b), where the

and- monodentols
bridging and terminal ligands, bidentat%Afespectively, have

very different environments. Cooling to about —500 should
freeze out any inversion processes which could conceivably
be operating at ambient conditions - so making dissimilar
environment appear to be identical. Whilst the evidence
is not compelling, it seems likely that the structures of
these Bis(acetamidino)tin(II) compounds, [(RNC(Me)NR)ESnII]
R = Ph, p-tolyl are associated molecules, probably poly- n
meric, with a symmetrical structure such as shown in Figure
4.13 (a), having both bridging and terminal bidentate

amidino ligands and four-co-ordinate tin atoms.

The mass spectra of these compounds gives no help in

the formulation of their state of association for neither

generated identifiable fragments containing more than one
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tin atom or amidine unit. In the spectra of the methyl-
eneamino tin(II) compounds discussed earlier, relatively
few tin-containing fragments were evidenced and overall the
spectra were dominated by the methylenecamino ligands or
their breakdown products, the most abundant of which

were often R+, RCNH™ and R20N+° The fragment patterns of
the amidinotin(II) derivatives are similarly swamped by
amidino ligands and their extensive breakdown products,
because of the greater variety of decomposition courses
open to such ligands. The major primary processes could
well involve stepwise loss of amidino groups, cleavage of
such groups at nitrogen with loss of R. or RN., loss of

Me and the formation of R2N fragments by the elimination

of the stable molecule acetonitrile. Not all of these
possible processes have been observed in these amidinotin
(IT) compounds and it is possible that the state of
decomposition of the materials has been of considerable
influence. The major fragments for the bis(amidino)tin(II)

compounds are recorded (after Section 4.4) in Table 4.12

Qa and bze

4.4  Summary

(a) Methyleneamino derivatives of tin(II)

All the new methyleneaminotin(II) compounds referred

II012 (R = p-tolyl, Bu®),

and [R20=NSnII%]n R = p-tolyl, But, X =0Cl, n=2;

to in this chapter viz R20=NH°SD

R = p=tolyl, X = R20=N, contain two-covalent tin in a

co-ordination state of three »r more. The compounds
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(R2C=NSnIIX)n R = p-tolyl, But, are similar to the
analogous phenyl derivative both in association number
(80) and structure (211). They are probably dimeric both
in the solid state and in solution, and their proposed
gstructure contains bridging methyleneamino ligands and
four-membered (SnN)2 rings. Bis(di-p-tolylmethyleneamino)
tin(II) is probably dimeric in both the solid state and in
solution, and like its phenyl and t-butyl analogues
[%2C=NSnIIX]2 R = Ph, Bu’, X = R,C has both bridging and
terminally co-ordinated methyleneamino ligands. In the

latter case there is little evidence of a linear C=N=_—_‘SnIi

11 dative ﬂ/;bonding

skeleton with its associated (p+d)N—Sn
presumably because W/—overlap between the 2p orbitals of

the N—atom and 5d orbitals of tin is too small.

(b) Acetamidino derivatives of tin(II)

The preferred co-ordination states of two-covalent tin
in the NgNl—diarylacetamidino derivatives discussed above

are three - in the simple adducts RNC(Me)NHR.SnCl, R = Ph,

2
(80) p-tolyl and in the amidinotin(II) chloride dimers
(RNC(Me)NRSn'TC1), R = Ph, p-tolyl - and four as in
bis(acetamidino)tin(II). The N,N'-diarylacetamidinotin(II)
chloride dimers, (RNC(Me)NRSn'Cl), R = Ph, (80) p-tolyl,
are dimeric species with bridging amidino ligands and probably
an eight membered SngcgN4 ring. The bis—amidino derivatives,
[?RNC(MG)NR)ESDII ] R = Ph, p-tolyl, are probably poly-

meric and have both bridging and terminally attached bi-

dentate amidino ligands.




The Mass Spectra of bis(N,Nl—diarylacetamidimo)tin(II)

Table 4.12

(a) [(PhNC(Me)NPh)QSA]

(RNC(Me)NR)2 0

Sn R = Ph, p-tolyl

n

m/e Relative Intensity Assignment
%29 10 AmSn*
210 100 Am*
194 65 PhNCNPh™
168 100 PhN"
118 100 PhNCMe™*
105 100 PhN2+
91 100 PhNT
77 100 Pnt
Am = PhNC(Me)NPh

194,




——

(b) [(pMeC6H4NC(Me)NC6HApMe)2SnII
n
m/e Relative Intensity Assignment
512 0.2 (C7H7)2N)28n+
357 140 Amtsnt
237 60 Anlt
+

232 100 N

CoH, CN07H7
196 100 (c7H7)éN+‘
1%2 70 C7H7NCMe+
119 80 C7H7N2+
105 90 C7H7N+
91 90 C7H7+

Aml = pMeC_H NC(Me)NC6H4pMe

E

a very tentative estimation/assignment, of very low

intensity

64
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CHAPTER 5

SOME N,N'_DTARYLAGET AMIDINO

DERIVATIVES OF SILICON, GERMANTUM AND TIN
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5.1. Introduction

This chapter extends earlier work in this field (80)
and describes the synthesis of new tin(IV) and, t> a much
lesser extent, germanium and silicon derivatives of
symmetrical N,Nl—disubstituted acetamidines, MeC(:NR).NHR viz:

N,Nl—di—p-t?lylaCe%amidinotin(IV)trichloride MeC(NQﬁ&d@%Sﬁﬂ%la

bis(N,Nl—diphenylacetamidino)dichlorostannane,

[MeC(NPh)é] SnIV012

2
bis(N,Nlmdi«pntolylacetamidino)dichlorostannane,

IV
[MeC(NC6H4pMe)%]2Sn 012,

bis(N,Nl—di—p—tolylacetamidino)dichlorosilane,
_Meb{NC6H4pMe)2 2biCl
bis(N,Nl—di—p—tolylacetamidino)dichlorogermane,

2

-
=MeC(NC6H4pMe)]2Ge012

tris(N,Nl-diphenylacetamidino)chlorostannane,
MeC(NPh),| Sn'Ve1
tris(N,Nl-di=p—tolylacetamidino)chlorostannane,
MeC(NC6HupMe)2} snivcl
~ 3
tetrakis(N,Nl=diphenylacetamidino)tin,
MeC(NPh)é] Sn

N 4
tetrakis(N,Nl—di—p—tolylacetamidino)tin,

Iv

Iv
_MeC (NC6H4pMe )2] 4Sn

The infrared spectra, lH—nuclear magnetic spectra and
mass spectra of these derivatives are interpreted, so far
as it is possible, in terms of their structural implications.
A brief discussion of the structural chemistry of organo-
tin(IV) derivatives precedes the experimental and discussion

sections of this chapter (the latter, Section 5.4 begins
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on page 208). A more detailed and extensive account of
this may be found in various reviews (80, 169, 240-243)

and other more comprehensive works (244-246).

5.2. Stereochemistry of Organotin(IV) Derivatives

The ground state outer electronic configuration of
tin viz 5s2, Spg, allows tin to form compounds in both
the +II and +IV oxidation states - the former having been
discussed in Chapter 4. A qualitative description of the
way in which the +IV oxidation state is formed involves
the uncoupling of the § electrons and the promotion of one
of these to a higher energy level g¢ affording an sp5
configuration. Thus the four equivalenf covalent bonds
of tin(IV) can arise from this, the first excited state
of the tin atom. Expansion of the co-ordination state
beyond four may arise by making use of the empty 54 orbitals
which are of similar energy to the valence-electron orbitals,
and theréfore may be included with ease in the hybridisation
process. Examples of co-ordination states from four to
eight are known.

Four-co-ordinate tin with a tetrahedral configuration

occurs for example in R,Sn (R = alkyl, aryl), the tin(IV)-
halides (not SnFA which has a structure based on octahedral
tin (247)) and -hydrides. But whilst the Lewis acidity of
tin in Rqsn is weak, it is enhanced when attached to electron
withdrawing groups. Therefore the possibility of association
exists, with attendant increase in co-ordination number,

and this is reflected in the gtructure of such compounds.

Nevertheless some vestige of a tetrahedral molecular unit




198,

may still prevail, as for example in dimethyltin dichloride
where the polymeric structure formed by the bridging of a
chlorine atom to tin, shows an octahedral configuration

at tin, but distorted sufficiently to allow the molecular
unit to be evidently derived from a tetrahedral arrange-

ment (248). Many examples of compounds with penta-co-ordinate

tin are known, for autocomplex formation (when a group
attached to tin acts as a Lewis base +to another tin atom,
with accompanying association and increase in co-ordination
number) is very common in compounds of the type RBSnX. The
trigonal bipyramidal configuration in this pentaco-ordinate
condition often has the more electronegative substituent X
and the organic groups R in axial and equatorial positions
respectively. Examples include trimethyltin(IV)fluoride (249)
and trimethyltin carboxylates (250). It is however, of
interest that association in the trialkyltin carboxylates,
RBSnOECRl, is inhibited when the alkyl groups R are bulky

or when the carboxylate oxygen atoms are replaced by sulphur.

1 1

Hence RBSn(XY)CRl (R=Prl, R\ =Me, X =Y = 0; R = R = Me,

X=8,Y=0; R =R

=Me, X =Y = 8) is monomeric with tin
reverting to its four-co-ordinate state, but a number of
compounds of the type ClRQSnOBCMe, which are also monomeric,
contain a chelating carboxyl group and five-co-ordinate tin
(251). Other examples of monomeric five co-ordinate tin
include the simple adducts formed between an organotin
compound and a donor molecule. In general compounds RSnXB,

for example, readily form such complexes, the lowering in

the acceptor strength of tin only becoming at all striking
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when weak donors are involved, alkyl sulphides giving

adducts with SnCl4

of a large number of 1l:1 adducts with five-co-ordinate

but not with PhSnCl5 (252-3). Typical

tin is MeBSnCl.py, an ZX~-ray crystal study of which has

shown that the molecule is a trigonal bipyramid with the
pyridine unit and the chlorine atom lying on either side
of the plane of the three methyl groups (254). For com-
pounds of the general formula R2SnX2 where X has donor

properties, the possibility of tin achieving a gix—-co-ordinate

state by autocomplex formation arises. The polymeric fluo-
rides RQSan (eg. R = Me (255)) have octahedral co-ordi-
nation at tin and the structure of dimethyltin bis(fluoro-
sulphate), Me2Sn(FSOB)2, is based on a distorted form »f the
MegsnF2 structure having fluorosulphate bridges. The di=-
carboxylates, R2Sn(020Rl)2, alternatively, are monomeric

and it is suggested that the six-co-ordination state of tin
is achieved by the two chelating carboxyl groups (251,256).
A simple six-co-ordinate structure is possible for many
adducts of tinIV compounds with bidentate (1:1) or mono-
dentate (2:1) donor molecules. One exception to this is
bipy. ':PhESn(NCO)E]2 in which tin is five = co-ordinate and
bipyridine is acting as a bridging group (257). There are
fewer examples of compounds containing tin in a co-ordination
state greater than six. Compounds of general formula RSnX3
where X is a chelating ligand and tin is seven-co-ordinate
might be expected to have a structure based on a pentagonal
bipyramid. ©Such a structure has been proposed for the

alkyltin tricarboxylates, RSn(O2CR1)3 (242) and has been
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established for MeSn(NOB)5 (258), tris(tropolonato)mono-
chlorotin (259) and the ethylenediaminetetracetic acid
complex Sn'V(EDTA).H0 (260).

Eight-co-ordinate tin is a much rarer condition, but
exists in bis(pbthalocyaninato)tin(IV), which has a
structure based on a square anti-prisom of nitrogen atoms
(261), and tin(IV) nitrate, having a structure based on a
dodecahedron of oxygen atoms, the four nitrate groups
being arranged symmetrically and bidentate to the central
tin atom (262).

The experimental work about to be described involves
almost exclusively the systems MCl4(M = Sn, Ge, Si) and
lithio=-amidines, MeC(NR)gLi (R = Ph, p=tolyl). The nature
of the N,Nl—disubstituted amidine ligand and a brief review
of symmetrically substituted N-metallated amidines has

already been presented in Chapter 4 - Section 4.3%.3(a)

pages I7o to 179,

5.3. Experimental

All the reactions were carried out under an atmosphere
of dry nitrogen. The tetrahalides of tin and silicon were
purified by vacuum distillation but germanium(IV) chloride

was used directly as a fresh commercial sample.

(i) Reaction of N,N'—dj-p-tolylacetamidinolithium with

tin tetrachloride, (mole ratio (1:1))

21.78 mmol of N,Nl—di—pntolylacetamidinolithium (made
by reacting 5.l6g, 271.78 mmol of N,Nl—di=p—tolylaeetamidine
in ’IOOcm5 anhydrous ether with 12.1 cm3 of 1.8M Bu"li at -
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—1960, and stirring to room temperature for about 30-45

3

minutes) suspended in about 100-120cm” ether/hexane was

cooled to —196°C. Tin(IV) chloride was added (20550m5,
21,78 mmol) and the mixture was allowed to warm to room
temperature being stirred continuously. It was stirred
overnight, and all solvent was then removed under reduced
pressure from the creamy suspension. Anhydrous toluene was
added (BOcmB) and refluxed for 20 minutes followed by
filtration of the hot suspension. The yellow filtrate

after concentration deposited a yellow powdery solid identi-

fied as Hle—di—p—tolylaoetamidinotin(IV)trichloride,

IV - 0
MeC(NC6H4pMe)QSn 015’ mp 170-175".

Found: C =42.,4; H= 3.5, N=5.9; Cl = 23,0%
M, 441

C16H17N2Sn015 requires C=41,5; H= 3.7 N = 6.1

Cl = 23.0% M, 462

Y max(Nujol Mull) 1638v.w, 1579m, 1504v.s, 1489v.s, 1408v.s,

1370v.s, 1518m, 1300m, 1280w, 1211m, 1118sh, 1106m, 10332m, 1021s,
9375, 859v.s 804v.s, V7/3s, V64w, /23w.br, /08s, 6655, 43w,

633m, 583s, 518vs, 502m, 456s, 387s, 368sh, 337m cm™ .

(ii) Reaction of Nle—diphenylacetamidinolithium and tin

tetrachloride (mole ratio 2:1)

The procedure as outlined in (i) was followed in most
of the reactions conducted, and consequently only essential
details are subsequently offered. This reaction employed
21,92 mmol of N,Nl—diphenylacetamidinolithium and 10.96mmol

of tin(IV)chloride. The work-up procedure was as above and
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the concentrated toluene extract was cooled overnight to
about -20°. A white amorphous solid was obtained and

. 1
_identified as bis(N,N"-diphenylacetamidino)tin(IV)dichloride,

i 3 iRY
{Mec(NPh>9 { SnI\Cl;] m.p. 228-230°C,
| - Iy

|4 e

Found: C = S4.1; H = 4.4; N =8.7; Cl = 12.1%

M, by cryoscopy 691

028H26N4Sn012 requires C = 55.%; H = 4.32; N = 9.2;

Cl = 11.7% M, 608

VY max(Nujol Mull) 1660vwbr, 1595s, 1580m, 1563%sh, 1540sbr,

1519s, 1508sh, 1496vsbr, 1445s, 1417vs, 1376s, 1320m, 1304s,
1281s, 1219s, 1182w, 1175w, 1160m, 1075m, 1031m, 1019m,
1005w, 963w, 918m, 909m, 846m, 8%5m, 7/68m, 745vs, 740sh,
'725sh, 704m, 690vs, 672m, 630vwbr, 588m, 582m, 518s, 480vw,

428m, 380sh, 350sh, 340w cm™ .

(iii) Reaction of N,N'di-p-tolylacetamidinolithium with

tin tetrachloride (mole ratio 2:1)

The above procedure was followed using 3%2.57 mmol
amidinolithium and 16.28 mmol tin(IV)chloride. A white
microcrystalline solid was obtained and identified as
bis(N,Nl—di—p=tolylacetamidino)tin(IV)dichloride,

IV 0
BMeC(NC6HﬁpMe)2}2Sn Clz]m.,p° 30074.
2t

Found: C =57.6; H=5.4; N =8.4; CL = 10.3%
M, by cryoscopy 827

Q52H54N4Sn012 requires C = 57.9; H = 5.1; N = 8.4;

Cl = 10.7% M, 764

Y max(Nujol Mull) 1645vwbr, 1578w, 1550sh, 1543sh, 1538s,

1510vs br, 1495vs, 1412vs, 1379s, 1368s, 1312m, 13008, 1278w,
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1246w, 1219s, 1178w, 1126vwbr, 1108s, 1042wbr, 1025m,
1011m, 9329w, 864s, 853m, 837wbr, 818w, 804s, 790w, 757w,
732w, 710m, 700w, 658m, 633w, 580s, 522vs, 499w, 47/0vw,

430vw, 385m, 358sh, 222wbr, cm .

(iv) Reaction of N,N'—di-p-tolylacetamidinolithium with

gilicon tetrachloride (mole ratio 1:1 or 2:1)

The above procedure was followed on a molar ratio of
1:1 (17.7 mmol of each reagent) and 2:1(25.3 mmol of ami-
dinolithium - 12.6 mmol of silicon(IV) chloride). The
white microcrystalline product was identified, in both
systems, as bis(N,Nl=di—p—tolylacetamidino)silicon(IV)di—

chloride, [{MeC(NC6HApMe)2}

SiCl%J m.p 242°-246°,

2 b

Foupd: C = 65.7; H = 6.4; N = 9.9; CL = 12.3%

M, by cryoscopy, ©58.

C52H54N481012 requires C =67.0; H=5.6;5 N = 9.8;

Cl = 12.4% M, 573,
Y max(Nujol Mull) 1646w, 1610w, 1578sh, 1560vsbr,

1508vsbr, 1412vs, 1378s, 13%68s, 1320s, 1311s, 1%05s, 1278w,
1226vs, 1212m, 1174m, 1108vs, 1042sh, 1034m, 1028s, 1011s,
068vw, OQ4lrs, 886s, 860s, 846vw, 832vw, 822m, 809vs, 798sh,
770w, 733w, 720w, 711s, 700vw, 662w, 650m, 620sh, 600vs,

560vs, 525vs, 505m, 476vs, 460s, 430s, 408s, 388m, cm™ .

(v) Reaction of N,N'-di-p-tolylacetamidinolithium with

germanium tetrachloride (mole ratio 1:1 or 2:1)

The above procedure was followed on both a 1l:1 and a

2:1 molar ratio basis (18.1 mmol of each and 25.2 mmol
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amidinolithium: 12.6 mmol germanium IV chloride respectively).
The white solid isolated in both cases was identified as

bis(N,Nl—di—p—tolylacetamidino)germanium(IV)dichloride,

. ) o
j[MeC(NL6HﬁpMe)2] GeClgl , m.p. 240° - 245 4.

Found: C = 62.0; H =5.1; N = 9.0; Cl = 11.%%

M by cryoscopy 770

052H54N4Ge()l2 requires C=62.2; H=5.5; N = 9.1;

Cl = 11.5% M, 617.5

Y max(Nujol Mull)  4646m, 1608w, 1575m, 1561sh, 1552vs,

1510vs br, 1480vs br, 1412s br, 1380s, 13%368s, 1314s, 1303,
1281w, 1265w, 1250vw, 1220vs, 1173w br, 1107s, 1024s, 1011m,
940m, 870vs, 8525, 818m, 804vs, 790m, 760m, 734m br, 717m,
709s, 697w, 659w, 647w, 586vs, 524vs, 509m, 500w, 462m,

4%8m, 400vs, 338w, 322w, cm™ .

(vi) Reaction of N,Nl'-diphenylacetamidinolithium and tin

tetrachloride (mole ratio 3%:1)

The above procedure was followed employing 29.7 mmol
of amidinolithium and 9.9 mmol of tin(IV)chloride. The

white powder obtained was identified as tris(N,Nl—diphenyl=

acetamidino)tin( IV)monochloride, {MeC(NPh)g} SnIVC{‘ mp.
p 4

3
182° - 192°
Found: C = 63%,2; H=5.4; N=10.4; Cl = 4.8%

C42H59N6Sn01 requires C = 64.8; H = 5.0; N = 10.8;

Cl = 4.6%
Y max(Nujol Mull)  165%m br, 1590s, 1574s, 1563sh, 1538s br,

1520m br, 1492v s br, 1445m, 1417vs, 1378s, 1318w, 1303m,
1280m, 1262w, 1218m, 1182w, 1173w, 1156w, 1070m br, 1030m,
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1015m, 1005w br, 960w, 916m, 907m, 840m, 68m, 46vs,
738w, 728w, 700sh, 690vs, 670m,br, 615v w br, 586m, 518m,

468w, 428w, 405w, 332w, cm .

(vii) Reaction of N,N'-di-p-tolylacetamidinolithium and

tin tetrachloride (mole ratio 3:1)

A gimilar procedure to that established above was
followed using 26.87/mmol of amidinolithium and 8.%96mmol
tin(IV) chloride. The white powder obtained was identified

as tris(N,Nl—di—p—tolylacetamidino)tin(IV)monochloride,
[{MeCCNC6H4pMe)2}

o

SnIVC4 m.p. 235 — 245 4.
5 x

Found: C=66.173; H=6.6; N=9.3; ClL =4.0%

048H54N68n01 requires C = 6b.6; H=5.9; N =09.,7;

Cl 4.,1%

Y max(Nujol Mull) 1645m br, 1610w br, 1580sh, 1560s br,

1512vs br, 148%vs, br, 1413s br, 1378s, 1369s, 1221,

1312m, 1305m, 1226m, 1210w, 1172w, 1105m, 1040w, 1030w,
1025m, 1010m, 940m, 883s, 858m, 820m, 806s, 795w br, 765w.br,
Y30vw br, 708m, 698vw, 658m br, o4ovw, 598s, 588w, 568s,
522s, 517w, 502m, 473s br, 458w, 426m, 405s, 400w, 384m,

363sh, %50sh, %30sh, 310sh cm™ .

(viii) Reaction of N,N'diphenylacetamidinolithium and

tin tetrachloride (mole ratio 4:1)

The standard procedure outlined was followed using 33.53
mmol of amidinolithium and 8.38 mmol of tin(IV)chloride,

The white solid produced was identified as tetrakis(NiNl=

diphenylacetamidino)tin(IV),[{MeC(NPh)g} SnIf} m.p 245-255°4.
n
P A
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11.9; S8n = 11.9%

Found: C=71.5; H-=06.1; N

) . iTe: L= M = 5,5 = ide/ s
956H52N83n requires C 0.4 H 5.5; N 11.7;

SD = /]21:4%

) max(Nujol Mull)  “1655s br, 1625sh, 1592vs, 1572vs,

1550vs br, 1490vs, 1445sh, 1412vs br, 1379vs, 1366vs,

1324m br, 1312w, 1290m, 1268s, 1255sh, 1221vs, 1212sh,
1M82vw, 1171m, 1154w, 1100w, 1085sh, 1072 , 1028vs, 1019sh,
1004m, 975v w br, 962w, 908s, 837vs, 802m, 790vw, 767m,
46vs, 26m, €93vs, 652m br, 617w br, 575m, 520vs, 488w,

467w, 424w, 380sh, 360sh, 332sh, 310vw cm™ .

(ix) The reaction of N@ﬁl-diep—tolylacetamidinolithium and

tin tetrachloride (mole ratio 4:1)

Using 29.59 mmol of amidinolithium and 7.39 mmol of
tin (IV)chloride the white powder . isolated was identified
as tetrakis(N,N'-di-p-tolylacetamidino)tinIV,

MeC(NC, H,pMe),t SnlV| m.p. 260°-280%.
gupMelor,
X
Foupd: C = 70.6; H = 6.4; N = 10.3; Sn = 11.1%

CoulleglgSn requires C = 72,05 H = 6.45 N = 10.5; Sn = 11.1%

Y max(Nujol Mull)  1652m br, 1635v w br, 1597m, 1572w, 1535sh,

1507vs, 1493vs, 1444s br, 1378s, 1366s, 1331m, 1311m, 1298m,
1275w br, 1242w br, 1218s, 1172m, 1107s, 1035w br, 1022m,
937w, 863s, 850m, 818w, 806s, 790w, 657m, 631vw, 575s, 579vs,

490w, 396w, 386m, 322m br, cm” .

(x) Attempted preparations of [ﬁeC(NR)élMClq_rAﬁ M= 8i,
L ] }
n

Following the procedure already outlined in reactions

Ge, n = 3, 4),
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of amidinolithium and silicon/germanium (IV)chloride in
3:1 and 4:1 molar ratios were studied. In all cases,
products were obtained which were identified, by means

of their infrared spectra, as the bis-amidinn-derivatives
E.\’IeC(NR)2 ]2M012. There was no evidence ~f higher sub-

stitution products.

(xi) Reaction between N,Nl—di=p-tolylacetamidine and

tin tetrachloride

4.7875g¢ of N,N'-di-p-tolylacetamidine (20.09 mmol) in
6Ocm5 anhydrous toluene was mixed with 5.2314g tin(IV)
chloride (20.09 mmol) and the yellow solution was refluxed
for about 24 hours. The off-white suspension formed was
filtered off, washed with toluene and pumped solvent free,
and isolated as product A. The yellow filtrate after
cooling formed a yellow amorphous mass B, recognised by

its infrared spectrum as being ygNl—di—p—tolylacetamidino—

tin(IV)trichloride, MeC(NC6H4pMe)2Sn015,

The analysis of A gave the following data:

C =46.5; H=4,7; N =17.0; Cl = 26.3%
The infrared spectrum suggest A is a mixture »f

+ =
Niyl—di—p—tolz;acetamidinium chloride, MeC(NHC6H4pMe)2 Cl

and N1N1~di—p—tolz}aoetamidine,tin(IV)chloride adduct,

MeC(=NC6H4pMe)NHC6H4pMe,Sn014, in the approximate m>ylar

ratio of 2:3

Found C =46.5; H=14.7; N ="7.0; Cl = 26.3%
Ol N0l requires C = €9.9; H = 6.9; N = 10.2; cl = 12.%
Cl6H18N28n014 requires C = 38.5; H = 3.6; N = 5.65 C1 = 28.5%
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A mixture of these two products with the stoichiometry
suggested would have a composition C = 46.7; H = 5.0;
N = 6.8; C1 = 24,%%.

Section 5.4 Discussion

(a) Preparation and stability of the new N-metallated

—-acetamidino derivatives

The new compounds are tabulated in Table 5.1, the
abbreviations Am and Aml being used to represent the
N,Nl—diphenylacetamidino, MeC(NPh)g, and the N,Nl=di—p=tolyl=

acetamidino, MeC(NC_ H,pMe),, units regpectively.
64 2

Table 5.1

New N,Nl—diarylacetamidino Compounds of Silicon,

Germanium and Tin.

Amn SnIV014_n n =2, %, 4 White solids
AmlnSnIVCI4_rl n =1 Yellow solid-
n =2, %3, 4 White solids
(Am,81C1,)_ White solid
(AmlgGe012)y White solid

The only successful preparative route to these compounds
was the reaction of the appropriate acetamidinolithium with the

metal halide (equation 5.7).

1yt . 1
n Am(or Am)Li + MCl, ——— nLiCl + Am( or Am )nMCl4=n 5.1

The reaction between the acetamidinolithium, AmLi (80)
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or Am'Li, and MCl, (M = 8i, Ge) in 1:1 molar proportions
yields the bis(acetamidino) metal dichlorides, Am2M012 or
AmlgMCIQ, feasibly by a route involving the disproportio-
nation of the initially formed acetamidino metal trichloride

(eg. Equation 5.2). These bis-derivatives were also the

2AmtMC1 MC1 5.2

1
3 = Am 2MCl2 + L

product of the reaction (equation 5.1) whatever the relative

molar proportions of the reagents.

The direct aminolysis of MC1,(M = Sn) by N,N'-diphenyl-
acetamidine (AmH) (80) and N,N'-di-p-tolylacetamidine (Am‘H)
afforded a mixture of the amidinium chloride and amidinotin

(IV)-trichloride (equatioms 5.3 = 5.4)

AmtH o+ SnCl, - AmlH,SnCl4 5.3

Vo1

mlE ol 4 s
3+ AmTH, 1 + SnCl

2 An'H.8nCl, — = Au"Sn 5.4

4

As with the methyleneamino and acetamidino tin(II)

compounds discussed in Chapter 4, all the new compounds are

2ir and moisture sensitive. Decomposition is indicated by

the appearance in the infrared spectrum of bands at (3200-
BLLOO)c:m—/l and (1629 - 1655)cm_4‘corresponding to ¥ (N-H) and
9(C=N) of the free amidines respectively. Molecular

weights as determined cryoscopically - where such was podssible-
gave values which were consistently low, presumably a con-

sequence Of sample decomposition.

(b) Characterisation and spectroscopic properties of the

new NgNl-disubstituted acetamidino derivatives

N, Nl—diphenylacetamidinotin(IV)trichloride, AmSnIVCla, has
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been shown to be monomeric both in solution and in the
solid state (80). A crystal structure determination (213)
shows it to contain five~co-ordinate tin with a chelating
amidino group. A molecular weight determination by cryo-
scopy also confirms the monomeric nature of AmlSnIV015 in
solution (M, 444; monomer requires 462). Its infrared,
lH;NMR and mass spectra - all discussed in greater detail

later are similar to those of the phenyl analogue and is

therefore judged to have a similar structure (Figure 5.1).

Me

Figure 5.1

Molecular weight determinations, by cxyoscopy, of
(A’ MC1,) (M = Si, Ge, Sn) and .(AmMC1,) (M = Sn) are
rather ambiguous, the determined values being 658, 770, 691
and 827 (monomeric values reguired are 573, 617.5 608 and
764) respectively. It may be that allowing for sample de-
composition, all of these bis-amidino derivatives are
dimeric in solution. However whilst the lH;NMR spectrum -
taken at about 42° - of (AmlgMClg)n (M = 8i) can be inter-
preted in terms of a dimeric structure,the other spectra
do not show the presence of distinguishable amidino groups

even when cooled to ca —500° It is possible therefore that,
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- 1 1 . . .
if (Am 2Ge012)n and (Am2(or Am 2)Sn012)n are dimeric in
solution, an equilibrium between dimeric and monomeric

forms could exist (equation 5.5). Such an equilibrium

could offer additional explanation for the apparept

N\\\\ﬁi//,N//~N§N\\ //
<N/T\N P \ < > 5.5
c1 _\/ Cl

anomalies in the determined molecular weights of these
compounds. The infrared spectra of (Aml2l"l012)n M= 8i,
Ge are very similar and presumably they have similar structures
in the solid state. Both bis-derivatives have two absorptions
which may be assigned t> the M-Cl stretching frequency,
Q(MrCl), corresponding to symmetric and asymmetric stretching
vibrations. A structure involving a linear unit Cl1-M-Cl is
necessarily excluded therefore because its symmetrical
stretching vibration would be inactive in the infrared. Both
spectra show absorptions of medium intensity at about ’164001{“’l

i.e. in the region appropriate to \)(C=N) - absorptions

IV
015 (80),

which are alsent from the infrared spectra of AmSn
antentVe1 (AmESnIV012)n and (AmIESnIVClg)n° This suggests
that a different mode of bonding for the amidino-ligands is
possible. Indeed the presence of such an absorption, of
medium intensity, could reflect a monodentate group, the
need of which might be expected to be inversely proportional
to the size of M, and directly proportional to the number

of co-ordinated amidine groups. ©So whilst a distorted
8ix-co-ordinate structure, shown in simplified form in

Figure 5.2 - analogous to that found for Me2M(CN)2, M= Si,
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Ge, Sn (263) - cannot be excluded completely, an alternative

proposal - discussed more fully later - for (Aml2M012)2

o /’\
~ o \\\\\\ N N.~\\
\\\\\ M/ ~. o

- ////// \\\\\N -
Cl

N~ .

Figure 5.2

shown in Figure 5.% has bidentate bridging amidine groups,

monodentate terminal amidine groups and five co-ordinate

atoms of M (M = 3i, Ge).

Pigure 5.3

No evidence for the molecular state of the tris- and
tetrakis—~ amidinotin(IV) compounds (AmBSnIV01, AmIBSnIVCl,
Am, Sn and Aml4Sn) was obtained by cryoscopy or from lp MR
and mass spectral data. Proposals therefore concerning
their structures are necessarily tentative. All the spectra
have absorptions of medium intensity in the range (1645-1655)

cm“q which may reflect the presence of a monodentate amidino

ligand. A possible structure for these derivatives, if they
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are monomeric, is shown in simplified form in Figure 5.4 (a)

the group X representing a chloride atom or monodentate

NN Srlj/ X

N/ |

NG

(a)

N N/_\N N
"~ NS

N N/\ \N N/ \N N
—/ " v M N

(b)

Figure 5.4

amidine group. If the compounds are associated, a porssible
structure expressed in dimeric terms, again with six-co-ordi=-

nate tin, is shown in Figure 5.4 (b). Whilst the infrared

data-presented in greater detail later - is difficult to
interpret precisely, it would seem to favour an associated
state for tris—= and tetrakis~ amidino derivatives of tin.

The lH—NMR spectra of the new N,Nl—diarylacetamidino

compounds of tin(IV), silicon and germanium in CDCl

3
solution at about 42° are tabulated in Table 5.2
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Table 5.2
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H-NMR Spectra of Some N,Nl—diarylacetamidino Derivatives

of Group 4 Elements

Chemical Shifts T ppm

Compound
Ar-H amidine=CH3 tolyl=CH5 N=-H
AmSnIVCJL5 2.1, 2.2¢ 7.%s - -
Amlsnm5 2.63¢ (8) 7,735 (3) 2,335 (1) | -
Am,SnC1 2.28,2.48¢00) | 7.63s(3) - -
An' 8001, 2.62,2.75¢(8) |  7.79s(3) 7.335(6) -
Am12S1012 2. 3%8sbr(8) 7.68sbr(3) 7.12 -
7.17(6)
AmlgGeClg 0.32, 2.44 7.70s(3) 7.18s (b) | =
2.52¢ (8)
IV | _
AmBSn C1l 2.18,2.%6c¢(10) 7.57s(3) - -
Am15SnIVCl 2.78,%.1%c¢(8)|  8.03s(3) 7.%1s (b) | -
Am4Sn 2.43,2.89 7.875(3) _ _
2.9%,3.02c(10)
Am148n 2,28,2.52 7.935(3) 7.255 (b) | =
2.67,%.08,
2.16¢(8)
AmH 2.29¢c 7.64s8 br - 2,07s
Am'tH D.4%,2.45, 7.63s 7,275 3.91¢
2.48,2.50m

*

very poor resolution; s:

¢c: complex

a: relative to TMS as external reference T’= 10.0 ppm

singlet; d: doublet; m: multiplet;
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All the spectra, but one, showed two sharp singlets
when recorded on CDCl3 solutions at about 4206, Jne
attributable to the amidino-methyl protons and the other
to the p-tolyl-methyl protons. Both showed signs of
slight broadening when the spectra were recorded at -50°c.
Bis(N,Nl-diphenylacetamidino)silicon dichloride, (Am,SiC1,)_
n probably 2, is reported as showing two peaks of relative
intensities 1:1 which probably correspond to bridging and
non-bridging amidino groups (80). Furthermore on cooling
to —400, the lower of the two methyl resonances was resolved
into a doublet. This was explained by assuming the terminal

ligand to be monodentate (Figure 5.3%) the appearance of

two-methyl signals, corresponding to the regolution of the
syn-anti isomers, being consequential upon the freezing of

the inversion process at the imine nitrogen. The lH—NMR
spectrum of bis(N,Nl—di—p—tolylacetamidino)silicon dichloride,
(AmlgsiClg)n n-probably 2, also differs from the spectra of
the bis(amidino)tin(IV) derivatives in showing at ambient
temperatures two signals corresponding to p-tolyl-methyl
protons, although only one signal - a broad singlet -
corresponding to the amidine-methyl protons. It would seem
that even at 42°C the amidino ligands are distinguishable and
correspond to non-bridging and bridging units. Cooling to ca~507
did not freeze out the syn-anti isomers, but the singlet
assignable to the amidine-methyl protons broadened notice-
ably. It seems possible therefore that (Am128i012)2 has

the structure suggested in Figure 5.3 with five co-ordinate

gsilicon, bridging-bidentate and terminal-monodentate
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ligands. Since the infrared spectra of (Am12M012)2

Me = 8i, Ge, are very similar then such a structure cannot
be ruled out (despite the absence of supporting lp-NMR
data) for the corresponding germanium compound.

The other spectral data (Table 5.2) provides little
further information concerning the structures of these
compounds. It shows that in almost all cases the methyl
group of the parent amidines is slightly more deshielded,
i.e. farther downfield, than the amidine methyl protons of
the metallatéd compounds. The chemical shift of the tolyl-
methyl protons, on the other hand, is very small when the
parent amidine, N,Nl—di—p—tolylaoetamidine, is metallated.

The bands in the infrared spectra associated with

NCN stretching vibrations, ¥ (NCN), are given in Table 5.3.
Various assignments have been made for the stretching
vibrations of the NCN unit in N-metallated amidines. A
weak band at about 1640cm™ together with other bands in
the region (’150()-==’\600)c:m_/I were assigned to Y (NCN) for a
series of tantalum or niobium chloride derivatives of a
number of bidentate N,Nl—disubstituted amidines. On the
other hand the symmetric and asymmetric modes of the (NCN)
unit were considered to lie in the region (4500=4500)cm_q
for a number of transition metal-carbonyl systems (239).
Some molybdenum and tungsten derivatives of N,N1=diphenyl—
acetamidine show an absorption of medium intensity at ca.

1650cm"1

and this was attributed to ’%S(NCN) and was
considered to be consistent with a bidentate chelating

amidino group (219). In general terms, any bands present
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in the infrared spectra of these new compounds in the
range (1500—4660)cmé4, which show variation from derivative
to derivative, are regarded as candidates for assignment

as (NCN) stretching frequencies. Table 5.3 shows the results

[0)]

of applying such a principle. The NCN gtretching frequencies
of these derivatives fall into three regions, viz (1310~
1532)cm—4, (1533-1566)cm™ | and (1645-1656)cm™ . An X-ray
crystallographic study of monomeric N,Nl-diphenylacetamidino=
tin(IV) trichloride, AmSnCl5 (213), shows that the molecule
contains a bidentate chelating amidino group only. Its

infrared spectrum shows no absorptions in the (1555—1566)cm=1

region and only a very weak absorption at ’13260111"/'° It may
be therefore that the absorptions of significant intensity
at (153%1560) and (1510—1322)cm—1 may be assigned to those
of bridging amidino ligands. In the infrared spectrum of

/I

AmSnCl, the weak absorption at 1645cm” ' - in the absence

5
of absorptions which would indicate hydrolysis had occurred
may then feasibly be assigned to a bidentate chelating
amidino unit, but this is uncertain. The infrared spectrum
of monomeric N,N'-di-p-tolylacetamidino-tin(IV)trichloride,
AmlSnCla, together with its other characteristics already
described, is consistent with its structure being similar
to that of AmSnCl,.

5

If the absorptions at (/IB/IO-=’I552)c:m_/l

ahd (’l535-=’1566)cm='/I

are assigned to bridging amidino ligands, then it would seem

. ‘s 1 .
that the bis-amidino compounds (AmgMClg)n’ (Am 2M012)n M = 8i,
Ge, Sn, the tris-amidino compounds (Am58n01)n and (AmIBSnCl)n,

and the tetrakis amidino derivatives Amqsn amd Amlqsn are




Table 5.3

Y (NCN) for Some N,N'-diphenyl- and N,N'-di-p—tolyl—

acetamidino Derivatives of the Group IV Elements Silicon,

Germanium and Tin

Compound ﬂ(NCN)cmﬁq Reference
AmSnCl5 1645w 80
Am15n015 1645w b

(Am,SnCl,) 15408, 1319m b
(AleSnClg)n 1538s, 1%12m b
(Am281012)n 1647w, 1566vs, 13%2m 80
(AmlgsiClg)n 1646m, 1560vs, 13%20s b
(Am GeCl,) 1650w, 1554vs, 1324w 80
(AmlgGeClg)n 1646m, 1553vs, 1314s b
(AmBSn01)m 1650m, 153%8s, 1319m b
(Am158n01)m 1645m, 1540m, 1310m b
(Am4Sn)m 1655m, 1545s v br 1320w b
(Am145n>m 1656m, 1533s, 1311m, b
AmH 1629vs, 1535vs, 1338vs b
AmtH 1635vs, 1532vs, 13238 b
a: Nujol Mulls, n, probaubly 23 b: this work

218.
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all associated in the solid state. The infrared spectra
of the derivatives Am2M012, AmlgMCIE (M = 3i, Ge) and

y AmlnSnCl (n = 3, 4) show an absorption

H4=n 4-n
of medium intensity at (1646-1656)cm™'. Whilst the 1

AmnSnCl
H-NMR
spectrum of dimeric AmzsiClg, discussed earlier, indicates
the non-bridging amidino ligands to be monodentate in this
compounds (80) such evidence could not be reproduced for
AmIQSiClg. None the less it seems reasonablé to postulate
that the appearance of an absorption at (1646-1656)cn™ -
appearing as it does when the steric demands of the system
intensify, (either as the number of amidino ligands increases,
ot the size of the central atom decreases) may evidence a
monodentate amidino ligand. In the infrared spectra of
Am28n012 and Am128n012 the apparent absence of a high energy

k corresponding

band, even of low intensity, at (1645-1656)cm™
to a localised monodentate amidino group (or to a bidentate
chelating)amidino group indicate that the solid is polymeric.
In such a situation, all the amidino ligands could then be

bridging (Figure 5.5).

Cl Cl
NN T
~ l s N N\\\\\ é ////.N N\\\
Sn n
] Ny N—" | S~y N~

-~ l

Cl

Figure 5.5

Metal-chlorine stretching frequencies for the compounds
1 1
Am SnCl, ., Am ,5nCl, (n =1, 2, 3), Am2M012 and Am™,MC1,
(M = 8i, Ge) are given in Table 5.4. Only one band is
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Table 5.4

Q(M—Cl) For Some N,Nl—diarylacetamidino Derivatives of

Silicon, Germanium and Tin

Y (M-C1) em™
Compound
as S
AmSnCly  (80) 353 .
Am's
nCl5 336 =
Am25n012 335 310
Am128m012 323 298
An,SiCl, (80) 492 436
Am1281012 476 429
An_GeCl, (80) 360 340
AmlgGe012 240 300
AmSnC1 334
1
A 55001 332
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quoted for each of the monomeric N,Nl—diarylacetamidino—
tin(IV)trichlorides, the two other bands expected are
probably outside the range studied. Two bands are quoted
for the bis-amidino derivatives AmoMCl, and Am',MCL,

(M = 8i, Ge, Sn) and this implies that their molecules
(probably dimeric) contain a non-linear Cl1-M-Cl arrange-
ment. The trend in frequencies viz 8i) Ge )Sn is consistent
with the predominance of the mass effect.

In Table 5.5 are listed the frequencies of bands
assignable to M-N stretching vibrations. The assignment
must be regarded as tentative and mostly relate to only
one of the M-N stretching absorptions expected for these
compounds. The frequencies show the expected variation
with M and appear to be in line with other M=N absorptions
(264).

Whilst AmSnCl, and Am,MC1, (M = Si, Ge) gave good

3
mass spectra, each showing parent peaks corresponding to

the monomeric units and several peaks containing one metal

atom, the mass spectra of the new compounds were disappointingly
unproductive. Several decomposition courses are open to
amidino ligands, eg (MeC(NR)Z, the principal ones probably
involving cleavage at nitrogen with loss of R:or RN',loss

of Me, and the formation of R2N by elimination of acetonitrile.
The major fragmentsfor the new compounds are given in

Table 5.6 a = f. Three of the new amidino derivatives,

1
Am 2MCl

5 (M = 8i, Ge) and AmBSnCl, generated no metal-

containing fragments and the other spectra showed only a

small number of metal-containing fragments each with one




'D(M—N) For Some N,Nl=diarylacetamidino Derivatives of

Table 5.5

Silicon, Germanium and Tin

Y (M-N)

-1

Compound cm

AmSnCl5 o777

1
Am SnCl3 665
Am,SnC1, 672
Am'_snc1 658

2 2
AmgGeCl2 (734)
Am' JGeCl, 717, (509)
AmSiCl, 868, 566
Aml_sica 860, 560

oP1bis )
Am58n01 675

1
Am 5SnCl 658
Am4Sn 653
AnT, Sn 657

m

222,




Table 5.6
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Major Fragments in the Mass Spectra of Some N,Nldiarylacet=

amidino Derivatives of Silicon, Germanium and Tin

(a) Amlan%j

m/e Relative Assignment m/e Relative Assignment
Intensity Intensity
1 + 17
629 2 Am~ ,SnC1 238 100 Am
1 + +
522 0.2 Am™SnCLNCoH, | 225 100 S0l
1 + +
497 0.2 An”SnCLNC,H,, 208 25 CoH,NCCH,)
46%,5| 20 AmlSn015+ 19| 3 (CoH) N
427 15 Antsnc1 )t 155 | 63 snc1t
392 17 Amtsnc1? 132 | 100 CoH NCMe ™"
la + +
357 10 AmSn 105 50 CrHiN
351 8 (C7H7)2NSnCl+ % 100 C7H7+
+
260 1 SnCl,

m/e values refer to the peaks containing the most abundant

isotopes

55¢1).




(b) AmESnCl

2
m/e Relative Intensity Assignment
+
608 3 Am,SnCl,,
+
57% 14 Am,SnC1
210 2.2 AmH*
+
209 67 Am
194 5 PhNCNPh*
155 27 Snc1t
118 100 PhNCMe ™
92 6 PhNH
91 10 PhN
77 o1 Pht
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1
(c) Am 2SnCl2

m/e Relative Intensity Assignment
1

664 6 Aw~ ,SnCl,,

237 30 Amt *

22 +
2 2 C7H7NCNC7H7
155 12 Snc1?

2 +
13 100 C7H7NCMe
0
106 18 C7H7NH+
1 -+
9 o4 C7H7
1
(d) Am 5SnCl
m/e Relative Intensity Assignment
1 +
664 5 Am™ ,8nC1,
392 30 Amtsnc1?t
1+
237 25 Am
202 2 t
CotACNCHH,
155 30 Snc1”
2 +
13 100 C7H7NCMe
+
11 -
9 7 C7H7NCH2
106
3 C7H7NH+
/] +
9 74 C7H7
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(e) Am4Sn

m/e Relative Intensity Assignment
329 6 AmSn”
209 84 Am*
194 2 PhNCNPh*
168 9 Ph2N+
118 100 PhNCMe™
104 5 PhNCH'

91 4 PhIv*

77 100 Pnt

(£) Aml Sn
4
m/e Relative Intensity Assignment
1.+

357 5 Am~Sn
237 19 Am™*
1 00 ] *

132 1 CoH NCMe
118 5 ¢ H NcH'

77

O -+

195 2 Gt
/'I +
9 o7 oty
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metal atom. Parent peaks corresponding to monomeric units

were obtained for Amganl and AmIESnCl but generally the

e 2
spectra are swamped by the amidine ligands and their breakdown
products. The spectra therefore are generally uniformative,

their inconsistency and frequent irreproducibility probably

being due to varying degrees of sample decomposition.

5.5 Summary

Several new metallated- N,Nldiarylacetamidine derivatives,
(I;[{ Mec<m>2}n1vxc14_n]x , R = Ph, p-tolyl, M = Si, Ge, Sn),
have been prepared. Whilst mono-acetamidino derivatives of tin
(IV) are stebled; R = Ph, p-tolyl, M = Sn, n = 1), the analogous
silicon and germanium compounds are not because they are
unstable to disproportionation, affording the bis(acetami-
dino)metal-dichlorides (I; R = Ph, (80) p-tolyl; M = Si,

Ge, n=2). ’ Attempts to prepare tris(acetamidino)-

and tetrakis(acetamidino)-silicon and germanium derivatives
(I; R = Ph, p-tolyl; M = 8i, Ge; n = 3, 4) were unsuccessful,
but the whole range of acetamidino derivatives (I; R = Ph,
p-tolyl; M = Sn; n = 1=4) of the larger tin atom are isolable.

Both the monoacetamidino derivatives of tin, AmSnIV

and AmlSnIVCl3 are monomeric and presumably of similar

Cl5 (80)

structure. A crystal structure of the former (213) shows
it to contain five-co-ordinate tin, and a bidentate chelating
amidino group which occupies one axial and one equational

position in a distorted bipyramidal structure.
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A11 the bis-amidino derivatives (I; R = Ph, p-tolyl;
M = 8i, Ge Sn; x probably 2) appear to be associated in
both the solid state and in solution. In the latter
instance an equilibrium between monomeric and dimeric
forms is feasible. The solid silicon and germanium
compounds may also be dimeric with five-co-ordinate metal
atoms, and furthermore the non-bridging amidino group is
probably monodentate to the metal. The solid bis-amidino-
tin compounds may well be polymeric with bidentate-bridging
amidino groups and six co-ordinate tin atoms. No firm
evidence was obtained for the structures of the tris- and
tetrakis- amidino derivatives of tin, but they are probably
associated in the solid state, and appear to have bidentate-
(terminal and bridging) and terminal monodentate—amidino

ligands.




CHAPTER 6

THE RELATIVE LEWIS ACIDITIES OF SILICON=-,

GERMANTUM- AND TIN-TETRACHLORIDES TOWARDS

ACETONITRILE, ACRYLONITRILE, ETHYL ACETATE,

DIETHYL, ETHER AND TETRAHYDROFURAN: A

VAPOUR PRESSURE: COMPOSITION STUDY
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6.1 Introduction

Whilst carbon tetrachloride shows no tendency to
function as a Lewis acid, the other tetrachlorides of
Group IV elements are able to co-ordinate with one or

two molecules of Lewis bases (equation 6.1). Indeed

L L

> —_—
MC1,, 3 MC1, . L 3 MC1

221‘ 6.1

a well established feature of their co-ordination chemistry is
the fact that their Lewis acidity increases in the sequence
SiCl4, GeCl4, SnCl4 (6, 265-273). Calorimetric studies
(265, 266), for example, »f their reacti-mswith pyridine

and isoquinoline have shown that the heat evolved increases
progressively in that sequence and that the tin(IV) chl->ride
forms a wide range of relatively stable adducts, SnCl4,2L,
with bases such as ethers (267, 268) or nitriles (6, 82,

8%, 273 - 276). . These adducts are commonly isolable as
crystalline solids soluble in inert solvents with varying
degrees of dissociation (82, 83, 276, 277). The related

silicon and germanium analogues, however, SiCl4.2L and

GeCl4.2L are much fewer in number and, where they exist,
dissociate more readily or are formed with the evolution

of less heat (265, 266, 271, 27%, 278). Whilst adducts

of germanium- or silicon-tetrachlorides with nitriles or
ethers have never been isolated, a feeble interaction
between the chloride and weak donors such as nitriles and
ether molecules has been assumed, such as would cause the
acid-base mixtures to have relatively low vapour pressures.

However, vapour pressure compHysition studies o»n liquid
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binary mixtures of silicon- or germanium-tetrachlorides
with a range of Lewis bases (all of which were known to
co-ordinate with tin tetrachloride but not with silicon-
or germanium-tetrachlorideg)have shown this assumption to
be false. Indeed, with the exceptions of germanium
tetrachloride (the strongey Lewis acid) and tetrahydro-
furan (the strongest Lewis base), positive deviations have
been found rather than the negative deviations expected.

These findings are discussed in Section 6.4 which

begins on page 248 after the experimental sectisn. The
discussion also includes an evaluation »f the use »f the
deviation from ideality »f silicon tetrachl»-ride- Lewis
base systems as a criterion by which relative Lewis

basicity can be established.

6.2 Experimental

6.2.1. Reagents

The Group IV tetrachlorides were purified by vacuum
distillation. Acetonitrile was repeatedly distilled from
PEOE until 1little or no colour change occurred in the P2O5.
Acrylonitrile was purified by being twice distilled from
calcium hydride. Diethyl ether and tetrahydrofuran were
dried over sodium wire and molten potassium resgpectively
and ethyl acetate was purified by fractional distillation.
The nitriles and the ester were stored over 3%A molecular

sieve.

6.2.2. Vapour pressure measurements

Rigorously anhydrous conditions were maintained

throughout the experimental work by working under an
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atmosphere of dry nitrogen or by standard vacuum line
techniques. Vapour pressures were determined manometri-
cally. Acid-base mixtures of known composition were made
by distilling weighed portions of base into a flask
containing a measured quantity of the acid, and the vapour
pressures of such mixtures were measured after vigorous
stirring at 0°C. The values reported are constant equili-
brium values, normally reached after stirring at 0° for
about one hour. Reproducibility was checked by conducting
independent runs starting with fresh samples of MClq. Care
was taken to avoid the accumulation of the volatile products
of side reactions such as HCl and chloroethane. In the
system SiCl4 and Et20, for example, known to react slowly
at or about room temperature to give EtCl and SiClBOEt (279),
careful monitoring was performed, by low temperature vapHour
pressure measurement and by taking gas-phase infra-red spectra,
to ensure that no such side reactioms had occurred.

The mixtures were then allowed to expand into a line
of known volume (ca. 5dm5) and the partial pressures of acid
and base in vapour samples were determined by measuring their
vapour densities (known volumes were weighed under established
temperatures and pressures), calculating their apparent

molecular weights, M which were then used to compute the

App
mole fractions of acid and base (equation 6.2).

M = (ML . me) + (MMC1

App o meCl ) 6:2

4 4
M = molecular weight, mf = mole fraction, L = Lewis base

and MCl4 is SiCl4 or GeCl4.
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The partial pressure of base, PL was then calculated

using (equation 6.3).

PL = of

L.,P 6.3

P = total pressure

The reliability »f this meth»yd, which depends up»>n

there being negligible interaction >f the comp§nents in
the gas phase was established by a comparison with totally
gaseous mixtures made from measured quantities of L and
MClq, when the total pressure was found to be the sum of
the partial pressures. An alternative method of determining
PL, the partial pressure of Lewis base, by measuring the
intensities of characteristic bands in the infrared spectrum
of a sample of the vapour, had been tried for the acrylo-

nitrile- MCl4 systems @80) but was found to be inadequate,

and much less informative than vapour density measurements.

6.3 Results

The raw results for the eight binary systems studied

in this work are given in Table 6.1 - 6.8 and the vapH>ur

pressure-composition curves for the ten systems studied,
including the systems MCl, and CH,CHCN (280), are given in

Figures 6.1 - 6.5. The deviatiins from ideality, summarised

in Table 9 are found by listing (i) the experimentally
observed vapour pressures, PEXpt’ of 1:1 mixtures of MCl4

and L, (ii) the vapour pressures, PIDEAL’ expected for ideal
1:1 mixtures (2PIDEAL = PMCl4 + Pr), and (iii) the Percentage

deviation from ideality (equation 6.4).

% deviation = ’IOO(PEXPT - PIDEAL) 6.4

PIpEAL
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All four nitrile systems MCl,.CH,CHCN (Figure 6.1)

and MC1, - MeCN (Figure 6.2) show pronounced positive

deviations from ideality. The nitriles differ in their
behaviour toward silicon- and germanium-tetrachlorides

in that whilst acrylonitrile is miscible with both the
Group IV tetrachlorides »ver the whbile composition range
despite their evident lack of wutual affinity- aceto-nitrile
and MCl4 form two liquid phases at 0°C over the approxXimate
composition ranges 15-80 mole % (M = 8i) and 10-70 mole %
(M = Ge). Between such limits the measured vapour pressures
correspond to saturated solutions of MeCN in MCl4 (the
Group IV chloride is the more volatile component in both
the acrylonitrile systems although this is somewhat marginal
in the system GeCl, - MeCN).

The ethyl acetate systems, SiClq/MeCO Et and GeCl4/

2
MeCO Et (Figure 6.3) also show positive deviations from

ideality, although such deviations are considerably less

than in the nitrile systems (Figure 6.1).

Toward the ethers, Et2O and THF, the different affinities
of SiCl4 and GeCl4 reflect the greater Lewis acidity »f the
latter. Whilst SiCl4 and Etgo show a slight poisitive
deviation from ideality, GeCl4 and Eth exhibit ideal

behaviour (Figure 6.4). In the tetrahydr>furan systems

(Figure 6.5), the slight pasitive deviation evidenced by

$iCl, may be contrasted with the slight negative deviation

shown by GeClq.
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Table 6.1
Vapour Pressure: Compositin Data for the System SiCl4-MeCN
Mole % K Mass Myoo P B
MeCN Condensate g
0 - - - 76.9 6]
2.4 293 2.5896 165.09 82.21 3,07
5.78 293 2.7135 156.80 90.70 9.2
10.85 292.6 2.8446 151.27 98.42 | 14.23
15.5 292 2.8514 150.10 99.22 | 15.24
8.7 292 2.83%85 148.68 99.72 | 16.42
35.4 292.6 2.8156 147.93 99.62 | 16.98
58.8 292.6 2.7999 147.02 100.2 17.8
70.2 291 2.7690 146.0 | 98.74 | 18.3%1
82.6 293%.6 2.7107 142.84 98.97 | 20.01
89.9 293%.2 1.9727 137.09 75.47 1 19.22
92.6 292.6 1.5963 130.67 63.94 [ 19.5
96.2 29%.3 1.2572 117 47 56.15 | 22.85
100 - - - 23.43 | 23.43




Table 6.2
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Vapour Pressure: Composition Data for the System GeClq-—MeCN

MﬁégN% C 5 ] conaenate g "app fom | L mm
0 - - - 24,3 0
4.3 296.3 1.1338 170.33% 25.28 8.97
7.4 296.5 1.2668 159.21 42,20 | 13.43
11.6 296.5 1.2655 143,69 46,71 49.65
25.7 296.5 1.2544 142,49 46,69. 19.36
39.3 296.3 1.2310 140,43 46.46 | 19.82
58.1 296.6 1.2075 138.16 | 46.37 | 20.4
71.9 296.4 1.2045 137.63 46.40 | 20.55
84 .1 296.3 1.1429 135.18 44.81 | 20.48
9.4 296.2 1.010 128.23 41,75 | 20.75
95.8 296 0.7075 1047 35.78 | 22.64
100 - - - 23.43 | 23.43




Table 6.3
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Vapour Pressure: Composition Data for the System SiClq—Mecg;k

ggigf% T K | Gonaencate e "app fom | L o
0 - - - 76.79 0
11.45 288 2.40%38 162.5 | 76.20 | 6.89
16.81 289 2. 3864 162.32 | 76.00 | 7.04
2l . 57 290 2.3220 159.79 | 75.38 | 9.3
36.00 288 2.2270 157.81 | 72.70 |10.75
45,27 292 2.0545 152.88 | 70.19 | 14.60
58.33 |292.6 1.8046 8.7 | 63.50 |16.43
71.50 |292.3 1.5561 .26 | 56.40 |17.70
82.40 |293.5 1.2666 1%4.20 | 49.55 |19.46
89.40 |292.5 0.9318 125.50 | 38.85 |21.4
97.01 | 292.6 0.6017 105.29 | 29.91 |23.63
100 - - - 24,10 | 24.10




Table 6.4
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Vapour Pressure: Composgition Data for the System GeCl4-Mecqg%

‘%%?ZE% K | oondonsate o "app Fom | L o
0 _ ; - 24, 30 0
6.99 291 1.0888 204.54 | 27.71 | 2.47
16.39 | 291.3 1.0422 188.63 | 28.79 | 5.87
25.72 | 291.3 1.0155 176.32 | 30.01 | 9.05
40.25 | 291.7 1.0082 170.19 | 20.91 | 10.82
54.5 291.7 1.0017 165.87 | 31.51 | 12.11
65.43 | 292.1 0.8927 149.07 | %1.29 | 16.18
8%.47 | 292.1 0.6777 125.85 | 28.03 | 19.66
92.05 291 0.5871 112.45 | 27.27 | 22.02
100 - - - 24.10 | 24.10
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Table 6.5

Vapour Pressure: Composition Data for the System SiClqutEO

%%EZ;% T K | osnacasate e "o Fom | 7L am
0 - - - 79.90 0
10.17 | 295.6 2.4376 140.48 | 91.75 | 28.18
15.90 296 2.5054 13%.91 | 99.06 | 37.23
21.3 294.8 2.5231 125.52 | 106.00 | 49.11
33.15 | 295.1 2.8711 123,72 | 122.50 | 59.06
46.59 | 294.8 2.8650 111.25 | 135.80 | 8%3.15
58.75 | 294.7 2.9087 102.40 | 149.74 |105.5%
71.35 | 295.9 2.8720 94.25 | 161.29 |127.39
81.90 | 296.4 2.8473 86.21 | 175.12 |153.01
87,02 296 2.8704 84.67 | 179.50 [159.73
96.06 296 2.7384 79.81 | 181.66 |170.87
100 - - - 18%.2% |183.23




Vapour Pressure:

Table 6.6

Composition Data for the System GeClq—Et 0
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2

Mgiie% T K Condggzgte g MApp Pmm PL mm
0 - - - LN 0
10.04 | 295.8 1.1683 153.28 40.3% | 17.60
11.50 295.2 1.1844 147 .16 42.50 20.40
13.42 | 295.5 1.2590 144.80 45.96 | 22.83
15.55 297 1. 3001 137.15 50.%6 | 27.79
22.34 | 295.2 1.5507 120.14 62.92 | 37.86
29.45 295.2 1.5591 114.30 72.03 51.50
32.06 | 295.6 1.5560 109.52 75.12 | 56.27
34.62 | 295.6 1.6151 108.10 79.00 | 59.98
48.78 | 294.7 1.9005 98.22 | 102.00 | 84.64
57.40 | 294.5 1.9485 89.24 | 115.02 [102.82
66.55 | 294.7 2.1894 88.08 | 131.0% |118.22
74.00 | 296.5 2.4009 87.78 | 145.06 |131.18
81.04 296 2.4220 82.63 | 155.20 |146.06
87.4 296 2.5242 81.01 164.98 |1157.18
9%.86 296 2.4732 75.75 | 172.88 1171.20
100 - - - 18%.23 [183%.23




Vapour Pressure:

Table 6.7
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Composition Data for the System S5iCl, -THF

n

K #lorx Condenagte g "app Fum L
0 - - - 76.90 0
7.7 292 2,4200 164.43 | 76.87 | 4.30
18.7 292 2.3515 159.09 | 77.20 | 8.53
33. 292 2.1125 148.61 | 74.25 |16.16
52.6 292 1.7098 128,96 | 69.25 |28.29
65.6 292 1. 4430 117.86 | 64.17 | 34.15
77.0 292.1 1.3%237 110,06 | 62.84 |38.46
85.5 292.1 11439 100.86 | 59.26 |41.84
.2 292.6 1,0045 92.28 | 56.97 |45.22
95.1 292.1 0.8498 81.88 | 54.23 |48.82
100 - - - 50,29 |50.29




Vapour Pressure:

Table 6.8

Composition Data for the System GeCl4—THF

0 - - - 24,3 0
7.9 293 0.9664 202.60 25.00 | 2.07
14.9 293 0.9686 188.65 26.91 | 4.87
25.9 294 .2 0.9174 168.10 28.72 | 9.35
37.1 293.3 0.9576 159. 49 31.50 | 12.16
47.8 293.3 0.8740 140.66 32.60 | 16.90
57.9 | 293.7 0.8246 122.12 35.47 | 23.00
8.9 293 0.7143 97.13 58.54 | 31.77
82.1 294 .3 0.6786 83.72 42.67 | 39.19
9.5 291 0.7372 78.79 48.64 | 46.32
100 - - - 50.29 | 50.29

NB' The volume of the vac-line used was 3.486 de

241.
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Figure 6. |

SICIg, - CHyCHCN

GeCl, -CHyCHCN

pimm Hg)

.-* molo% CHa CHCN —cr

20 40 60 €0




243,

Figure 6.2
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Figure 6.3.
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SiCls-Et,0

mole% |C2H512 0 ——a

.GeCl- Et20

mole % ‘C2H5 )2 Q0 ——c




246.

SiCl,~THF
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Tabie 6.9

Vapour Pressures of 1:1 Mixtures »f MCl4 and L at 0°C

Deviations from Ideality

247 .

% ¥ ” %R
Mixture P P)bEA‘ o . .
Exptmm ey % Deviation
SiClq, CHQCHCN 96.6 54..4 +  76.92
GeCl4, CH20HCN 46.8 30 + 56.0
*
SiCl4, MeCN 100 50 + 100
GeCl,, MeCN 46.4% on + 9%3.45
SiClq, MeCogEt 67.5 50,05 + 34,86
GeCla, MecogEt 31.2 24,2 + 28.92
§iC1,, Et,0 141,5 130 + 8.84
GeClq, Eth 104 104 0
SiClq, THRF 69.5 o4 + 8.59
GeCl4, THF 334 37 .4 - 10.69
*
immiscible at this composition (at 0°C);
* % 1
Pigear =% (Fc1, * Pr)s
* = %k
o . _ _ .
% deviation = 100 (PExpt Pideal>/ (equation 6.4)

P

IDEAL
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6.4 Discussion

This study of the wvalue »f the vapour pressure -
composition curves as a criterion for the assgsessment ~f the
degree of interaction between Group IV tetrachla>rides and
a series of Lewis bases was sparked »ff by the o>bservation
that whilst SnCl4 evolves heat when mixed with acrylonitrile
(forming the crystalline adduct SnCl4.20H20HCN) (276, 280)
SiCl4 and GeCl4 by contrast have such a small affinity for
this base that they absorb heat when mixed with it. The
resulting mixtures have vapour pressures at 0° greater than
would be predicted from Raogult's Law - i.e. the Lewis acid
and base molecules have less affinity for their opposite
numbers than they have for molecules of their own kind. A
preliminary report of these observations has already been
made (280) within which it was suggested that positive
enthalpies of mixing and positive deviations from ideaiity
might characterise binary systems of SiCl4 or GeCl4 with
other Lewis bases such as nitriles, esters or ethers. The

present work summarised graphically in Figures 6.2 = 6.5

and also in Table 6.9 fully substantiate this prediction,
and show furthermore that in all the systems explored,

SiCl4 is a weaker Lewis acid than GeCl4. All the five bases
studied form stable adducts with SnCl4 (6, 268, 270-27%, 82,
8%, 274-277, 281-284) and the results therefore confirm the
gradation of Lewis acidities, S5iCl, ( GeCl, { SnCl,,
already indicated by earlier work (6, 265-27%). The results
are also consistent with increasing donor character towards

MC1l, in the sequence MeCN, CHECHCN, MeCO

4 Et, Et,0 and THF.

2 2
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The positive deviations from ideality observed in
most of these binary systems are not totally without
precedent, for similar positive deviatisns from ideality
have beer reported without comment in s»>me SiCl4—ether
systems (eg di-n-=propylether), and 8iCl, (>r SiHClB)—

P-chloroethyl ether (285), but the deviations from

ideality in the systems reported herein are novel. Other
phase studies have tended to focus attention on the solid-
liquid rather that the liquid-gas ftransitions as in earlier
studies on ether systems (267, 268) and some more recent
studies on phosphoryl chloride—MCl4 systems (286-288) from
which the attractive or repulsive nature of the interactions in
the liquid phase is very difficult to assess, particularly in
the absence of data relating to interactions in the solid
state eg. lattice energies.

The observed departure from ideality may be rationalised
in the following way. In their unco-ordinated state, the
Group IV tetrachlorides have too little space between their
chlorine atoms to allow easy access of L to M without
distortion of MCl4 - the space between the chlorine atoms
of MCl, has a diameter »f 24pm, 32pm and 80pm (M= Si, Ge, Sn)
respectively. In order to co-o>rdinate a Lewis base L t>
form an adduct MC1, .L (i.e. to allow a bond L—> M t> form)

a Group IV tetrachloride must change from a tetrahedral to

a pyramidal arrangement (Figure 6.6). Unless the energy

of this new L——=>M dative bond, E(L-M), exceeds the

reorganisation energy required to deform MC14’£}Hreorg

(see Figure 6.7) adduct formation will not occur. Such
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binary liquid mixtures will then have vapour pressures

<

Fiqure : b-b.

which fully reflect the lack of mutual distortion or of
mutual affinity which non-polar, tetrahedral or pseudo-
spherical MCl4 molecules are likely to have for polar, non-
spherical base molcules L.

Figure 6.7 illustrates qualitatively the difference
between SiCl,, GeCl, and SnCl, in their behaviour (265, 266)
towards strong Lewis bases such as pyridine or isoquinoline.
A11 the Lewis acids form adducts with these bases althoughe
the enthalpy change, & H for the co-ordination reaction

coord’

is progressively less exothermic in the sequence SnClu,

GeCl, and SiCl, (265, 266) - see Table 6.10.

This enthalpy change may be represented as shown in

equation 6.5,

Ag = E(L—> M) - 8H 6.5

coord reorg




Enthalpy changes in _the formation of MCy L

>

N ‘\_ﬂ___&_ MCléL
MClZ:th-e reorganised [trigonal pyramidallMCl,
molecule
AzAHreor‘g
B=E[L-M]
C=AHcoord

F;Sure: 6.7.

257
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Table 6.10

Physico-chemical Data for the Group IV Chlorides, MCl,+

Data Sn Ge Si Reference
Electronegativity 1.72 1 2.02 |1.74 289
(Pauling)
d(M-C1)pm 231 | 208 | 201 | 290-292
DH,(M-C1)KImoT 414 | 243 | 476 289
/I £ 3
[\HcoordKJmoT MC142py 100 83 .76 278
/| * ¥
‘SHcoordKJmOI M0142iq a5 85 78 278
* %X Xk
Py = pyridine; isoquinoline

The energy of the new L—> M dative bond, E(L—M) may
be expected to increase with the electrophilic character
of M in MCl4, i.e. in the sequence M = Si { Ged Sn, whilst
zxﬂfeorg is expected to decrease as the M-Cl bonds become
longer and weaker i.e. in the sequence 8iCl, » GeCl, ? SnCl,.
Consequently the enthalpy change,éSHcoord, represented by
the difference between E(L->M) and étheorg becomes less

exothermic in the sequence M = Sn, Ge, Si.

The stepwise changes in &6 H q° going from SnCl4 to

coor
GeCl4, and from GeCl4 to SiClq, are likely to vary with the
nature of the Lewis base, L. For instance, when L = pyridine

the steps are about 17 and 7/ kJmo‘.T/I respectively




253.

1 1

( AN ~ 100 kJ. mol~" for SnCl,, 83 kJ mol~

coord
GeCl, and 76 kJ mol ™

4o for

for SiCl4) whilst when L = isoquino-

line the stepe are about 10 and 6 kJ mol"'/1 respectively

o o 1
( 35 kd ., S5 k -
\ZSHCOO a ~ 95 kd mol for SnCl, , 85 kJ mol )

and 79 kJ mol"/I for 81014) (266). Nevertheless it appears

for GeCl

tha, unless the formation of a tin tetrachloride adduct
SnCl4 L, is accompanied by the evolution of at least 20 kJmolB'1
possible considerably more, than the co-ordination of the

same base L to GeCl4 or SiCl i.e. the formation »f adduct

Lo
GeCl4L and SiCl4L, is unlikely.
Binary systems such as SiCl4 or GeC14 with some base L
(THF or MecogEt), which when mixed with SnCl4 evolves less
than about 40 kdJ mol—q, are likely to exhibit virtually ideal

behaviour or positive deviations from Raoult's Law. The

for the formation of the adducts
/]

reported valueg of AHcoord

SnC1, 2THF and SnCl, 2MeCO.Et are 59 kJ mol™ | and 44 kJ mol™

4 4 2
respectively (282). Furthermore it may follow that a negative
deviation from Raoult's Law can only be expected in the
systems MC1, - L (M=8i, Ge) when L mixed with SnCl, evolves

50 - 60 kJ mol”

or thereabouts. It should be noticed,
however, that all the available thermochemical data for these
systems is related to solid adducts. The implications of
this may help to reconcile the disparity between the above
values, for examination of a relevant Born- Haber cycle

indicates that 6H is a composite term incorporating

coord
the Lattice Energy of the adduct (Figure 6.8).

Accurate comparisons can >nly be made, therefore, by

using the values of AH (g), the heat of formation »f

coord
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the gaseous adduct, derivable by means of (equation 6.6)

Hcoord(g) = OHpy + 208Hpp + AHcoord - OHpp 6.6
Figure 6.8
AH (g)
MC1, (g) + 2L(g) —2%q 5 Me1,2L(g)
R
AH
EA ‘QHEB ZSHIE
& Hcoord
QHEA, OHpn = Heat of Vapourisation of the Lewis
acid(A) or base (B)
AHLE = Lattice Energy

Whilst Latent Heats of Vapourisation of Lewis acids and
bases (AHEA and & Hpp respectively) are usually known,
the Lattice Energy parameter is but rarely determined. Hence

a comparison of &OH seems allowable only when the

coord
adducts concerned have closely similar structures. The
extent to which such an assumption is valid in this situation
may well explain the disparity in the estimated values of

the minimum enthalpy change necessary in the SiCl4—L

systems as a criterion for predicting the behaviour »f

4—L and GeCl4-L° In view if

the limitations placed upon the usefulness of &OH

the binary systems S8iCl

cooxrd
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values as criteria for interpretation and prediction,
as outlined above, a study of 1:1 molar mixtures of
SiClq—Lewis bases has been made. The degree of deviation

from ideality (c¢f. Table 6.9) has been quantified, and

used as a basis for the establishment of the relative
basic character of a series of Lewis bases. These results,

summarised in Table 6.11, illustrate the uncertainity of

the method particularly when applied to a number of bases
of widely-different structures. Whilst there seems to be
insufficient comparative data, it has to be admitted that
the method does not discriminate correctly between twn
similar bases Eth and the stronger base THF, nor does the
apparent greater basic strength of POCl5 over MeCOEEt égree

with the deductions made from thermochemical data.

6.5 Summary

The extent of the difference in the behaviour of SnCl4

and its silicon and germanium analogues has been demonstrated

by vapour pressure measurements of binary liquid systems

MC1,-L (L = acetonitrile, ethyl acetate, diethyl ether or
tetrahydrofuran). Whilst all five Lewis bases form adducts
with SnCl4 the Si014 and GeCl4 systems show generally

positive deviations from ideality, although GeCl ~Et,0 (ideal)

4
and GeCl,~THF (negative) are exceptions. The deviations
from ideality are consistent with the acid sequence

§iC1, < GeCl, € SnCl, and base sequence MeCN ( CH,CHCN 4
MeCO,Et { Et,0 { THF. An attempt, however, to establish
relative Lewis basicities »>f a wide range »f donor molecules,
by their degree of deviation from ideality, was unsuccessful

affording anomalous values.
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Table 6.11

Vapour Pressures of 1:1 Mixtures of SiClLL & Lewis Base at

0°C. Deviations from Ideality

"
Rank Lewis Pressure Pressure . ..
Order Base EXFE‘ Ideal % Deviation
mm mm
1 MeBN 336 380 -12
2 Et20 141.5 130 9
3 THF 69.5 o4 9
4 POCL 56 48 17
5 MeCO Et 68 50 36
6 BucN 64 47 36
2 CH,,: CHCN 97 55 76
8 PhCN 69 37 86
* ¥
9 MeCN 100 50 100
* %
10 EtCN 107 46 133
C5H5N formation of adduct occurred
Me S0 evidence of chemical reaction

§ in descending Lewis base strength

* 9% deviation = P - P.
obs ideal
X 100

Pideal

o
immiscible liquids




CHAPTER 7

A BRIEF STUDY OF SOME NITRILE-

TIN (II) CHLORIDE -~ HYDROGEN CHLORIDE - SYSTEMS
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7.1 Introduction

The proposed product of the reacti>n between tin(II)
chloride and hydrogen chloride is a solvated trichloro-
stannane species, formally represented as HSnCl, . L

3

(L = solvent). Such a product, HSnCl - 3H,0 (obtained by

3
cooling an agueous solution of tin(II) chloride, already
saturated with hydrogen chloride) has been reported (293),
and conductivity studies have also evidenced other species
including HESnCl4, (294). The determination of the

formation constants of chlorostannate (II) ions (295)

(equation 7.1), by means of emf data from concentration

cells, shows favourable thermodynamic data for the existence

of the trichlorostannate (II) ion SnClB—, but suggests that

the concentration of tetrachlorystannate (II) ion, SnCl42—

2+ - 2-n
Sn + nCl — SnClD 7.1

is likely to be small unless the temperature and chloyride

3 in the

ethereal extract of a tin(II) chloride-hydrochloric acid

ion concentration are high. The presence of SnCl

gsolution is also proposed on the basis of Raman spectral
data (296).
. 2Bt

Workers studying the behaviour of HGeCl 0, tri-

3 e
chlorogermane-dietherate, towards alkenes and alkynes
(297-299), have proposed the initial formation of an electron

deficient species, a pseuydo-carbene, (equation 7.2) which

subsequently reacts as summarised in (equation 7.3).

-HC1

HGeCl, . n (OEt )-————A GeCl
3 R pana—

+
5 + Et20H + C1° 7.2
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- -
H2C ('—/Cﬂz
= —
C-CH2 + G8012 Ge ——)XOlgGeCH2CH2GeCl3 + CH20H2GeC
/N
Cl Cl
L J
X = H, C1 7.3

However, the claim that the anal»>gous trichlo rostannate
etherate is unreactive toward unsaturated hydrocarbons,
explicitly contradicts a report that & -alkenes d» indeed
afford adducts (3%00) (equation 7.4).

HSrJCl3 + H20=CHR-———% Cl5

The reaction of the system tin(II) chloride-hydrogen

SnCHECHzR R = H, alkyl 7l

chloride in ether with bifunctional molecules possessing two
potentially - reactive sites is also of interest. With
acrylonitrile, for example, the preferred product is

F—cyanoethyltin trichloride (301) (equation 7.5), a similar

preferred addition across the carbon-carbon double bond being

observed in the reactions with iFaunsaturated compounds such

HSnCl5 + CH2=CH—CENF——%>ClBSnCHg—CHECEN 7.5

as acrylic esters and amides (302, 303) (equation 7.6), the

H5nC1 + CH =CH002Me-——% C1.5nCH,CH.,COMe 7.6

3 2 5 2772772

P-— substituted tin trichlorides being formed in high yield.
The preparation of substituted dialkyltin dichlorides, using
tin, hydrogen chloride and acrylic esters, has als> been

described (equation 7.7) (303-305), H28n612 or HSnCl being

postulated as reactive intermediates.

S5HC1 + 3S5n + BCH2=CHCO2M9—¢CI SnCH,CH COgMe + ClgSn(CHéCHéX%Me%2+Hé

3 2772

7.7
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Recent work (306) has confirmed the results of earlier
findings (297-299) that anhydrous tin(II) chloride dissolves
rapidly in a saturated solution of hydrogen chloride to
give an etherate HnSnClg+naxEtEO which separates out as a

yellow oily liguid (equation 7.8) (nsoluble in the clear

colourless supernatant liquid. A thermodynamically contr»lled

X Et.0 ——— H _SnCl

nHC1 + Sn012 + SO &= H, o4

nX Et20 7.8

equilibrium is indicated by the fact that addition of

diethyl ether causes precipitation of tin(II) chloride which
redissolves on passing hydrogen chloride. Similarly, addition
of inert polar substances such as toluene or tetramethylsilane,
or evaporation of diethyl ether and/or hydrogen chloride,
immediately induces the precipitation of tin(II) chloride.
lH—NMR spectrometry of the supernatant suggest a composition
similar to that of hydrogen chloride etherates, whilst the
data for HnSn012+n.XEt20 show a strongly ionised proton with

a chemical shift, relative to tetramethylsilane T= 10, varying
between T (-2.8 to =0.8). Interaction of this proton with

the diethylether oxygen atom is reflected by the downfield
shift of the methylene and methyl protons. Comparison with
the data for HC1.Et,0 and HC1.2Et,0 (298) (T = 3.2) shows

the considerably increasedianizétion caused by the inter-
action with tin(II) chloride. It seems most likely that
HnSnClg+nXEt20 is not a single well-defined substance, but
rather a mixture arising from a set of equilibria described

by (equation 7.9) with approximately one molecule of diethyl

ether per proton.

HC1/Et50
b0 ——=—H

HC1 + SnCl 5Lt 0 =——=H,

—_— -
+ Bt,0 == HSnCl SnCl,.2Et,0 7.9

2
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No (Sn-H) stretching frequency could be detected in
the infrared spectrum at (’l?OO-—22OO)c'El/l - EtC1,SnH shows
/]

an (Sn-H) absorption band (307) at 1934cm' - and further-

more 4498n Mgssbauer data show that the product to be

a tin(II) compound rather than a tin(IV) species. Overall,
therefore, the products of interaction between hydrogen
chloride and tin(II) chloride in ether seems to be best
described as being strongly ionized etherated hydrogen
trichlorostannate(II) and dihydrogen tetrachlorostannate(II)

rather than trichlorostannane(Il), HSnClB, 2r tetrachloro-

stannane(I ), H,8nCl,. This is summarised in (equation 7.10).

HC1
HC1 + SnCl2 ¥ xEtguJ;::::: HSnClE.xEtQO::::::i-§§n614.Et20
L L 1 9.10
- + D=
Et20H+ + Sn013 Et,0H" + SnCl,

This chapter desgibes a study of the reactions of
monofunctional nitriles RC=N (R = Me, Et, But, Ph) with
tin(II) chloride and hydrogen chloride in anhydrous ethereal
solvent. ©Such systems undergo hydrostannation but in a
manner different to that already descibed for alkenes. The
principal product from these systems is probably dimeric

and is formulated as

=

015SnIVC(R): NG(R): NH,' Sn11013 (I; R = Me, Et, Bu®, Pn).

A more detailed discussion of these systems (Section 7.3%)

follows the experimental section, and begins on page 20bk.

7.2 Experimental

All compounds were handled under nitrogen. Hydrngen

chloride was used directly from a cylinder without further
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purification. Anhydrous tin(II) chloride (B.D.H.) was

also used directly, its infrared spectrum having shown,

and continuing to show, the absence of moisture. All

other reagents and solvents employed were dried by standard
methods. The estimation of tin(II) depends wupon its
oxidation, in agueous solution, by iodine to tin(IV)

according to egquation 7.11. It was not possible to estimate

spt 4 12—>Sn"’+ + I 2.11

tin(II) in the product of the system tin(II) chloride-
hydrogen chloride- 2,2- dimethylpropionitrile because of
its insolubility in concentrated HCl. The estimation of
total tin involves the initial reduction of any tin in
oxidation state (+IV) by boiling the acidified s»nlution
with a reducing agent such as lead and then estimating all
the tin (II) as above. The total tin values as estimated
in this way were uniformly low,presumably because of the

loss of some tin as volatile tin(IV) chloride.

(i) The propionitrile-tin(II)chloride-hydrogen chloride

system.

3.17g Sn014(16°7 m.mol) was added to 1002 propionitrile
and HCl gas was passed into the mixture kept at 0°C for
some 12 hours. Dissolution of SnCL2 was complete after
about % hours, a straw coloured solution being obtained.
The mixture was allowed to stand for a week at about 0°C
by which time a yellow precipitate had formed which, after
filtering, washing with propionitrile and pumping solvent

free appeared as a waxy solid. It was identified as being
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N(ethyl,trichlorostannylmethylene)propanamidinium-trichloro—

stannate(II), (C3H6NSn015)n n probably 2, m.p. su® (a).

Found: C =12.6; H=2.6; N = 4.9; Cl = 39.4; Sn(total)=35.3;

Sn = 20.9%

CBH6NSnCl5 requires C 12.8; H=2.2; N = 5.0; C1 = 38.9;

1T

Sn(total) = 42.2; Sn 21.1%

9Max (Nujol Mull) 3510sh, 3320s, 3220s, 4678s, 1648s,

1612m, 1570m, 1480m, 1455m, 1405s, 1390s, 1%60s, 1308m, 1245w,
1175w, 1150m, 1125m, 1100m, 1070sh, 1010sh, 1000m, 875w, 835m,

800m, el

The example outlined above is to illustrate the method
employed for each of the four systems used. Accordingly
therefore only essential detail is now given for each of

the remaining systems.

(ii) The 2,2-dimethylpropionitrile=tin(II)chloride-hydrogen

chloride system.

The same reaction scheme to (i) was followed employing
15.3 m.mol of Sn012 and passing HCl gas for about 6 hours,
then filtering etc, after standing at about 0°C overnight.
The pale brown powder isolated was identified as

N(2,2-dimethylpropyl,trichlorostannylmethylene)?2,2-dimethyl—

propanamidinium=trichlorostannate(II), (C5H,IONSn015)n

n probably 2, m.p. 1859 (a)

Found: C = 19.7; H = 3.8; N = 4.5; C1 = 35.6; Sn(total)=27.7%

SnII not obtained.

CBH,]ONSnCl3 requires C = 19.4; H = 3.23 N = 4.5; C1 = 34.4;

Sn(total) = 38.5%
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Y

1540m, 1480m, 1400s, 1118m, 1080w, 1040w, 1025w, 870s,

Max (Nujol Mull). 3320s.br, 3220s, 3180s.br, 1690s,

728w, o .

(iii) The benzonitrile-tin(II)chloride=hydrogen chloride

szstem,

A similar procedure was employed as in (ii) the

white powder isolated being identified as N(phenyl,trichlor-

stannylmethylene)benzamidinium trichlorostannate(II),

(C,HANSnCl,)  n probably 2, m.p. 180° ().

Found: = 23.6; H=1.7; N = 4.3; C1 = 32.7; Sn(total)=32.6;

C
SnII = 17.9%

C7H6NSnCl3 requires C = 25.5; H = 1.8; N = 4.3; Cl = 32.4;

Sn(total)= 36.0; Snit = 18.0%

Y Max (Nujol Mull). 3310s,br, 3160s.br, 2215w, 1720s.br,

1660s.br, 1600s, 1580w, 1545m.br, 1460sh, 1450s, 1445sh,
1%30m, 1315m, 1220s, 1185m, 1162w, 1055w, 845sh, 838s,
790s, 765w, 710w, 700w, 685w, 588w, 550w, 450m, 435w, ci .

(iv) The acetonitrile-tin(II)chloride-hydrogen chloride

system.

By a procedure common to that described already, the
product obtained, a white solid was identified as N(methyl,

trichlorostannylmethylene)acetamidinium-trichlorostannate(II),

(02H4N5n015)n n probably 2, m.p. = 92° (d)..

Found: C =9.2; H=2.3; N = 5.3; CL = 39.7; Sn(total)=40.1;

sott - 29.49%.

Cqul\TSnCl5 requires C=9.0; H=1.9; N = 5,25 C1L = 39.7;

Sn(total)= 44.2; Sntl= 22.1%



http://3320s.br
http://3180s.br
http://3160s.br
http://1720s.br
http://I660s.br
http://1545m.br

264.

b Max (Nujol Mull) 3340s.br, %180s,br, 1675s.br, 1550s,

1480s, 1420s, 1388s, 137/0m, 1350s, 1300m, 1260m, 1230w,
1140m, 1115, 1040m, 1028m, 990s, 922m, 792m, 750s, ©680s,

5255 o .

7.% Discussion

(i) Characterisation and Spectroscopic Properties

The products of the systems RCN(R = Me, Et, But, Ph)-
SnCl2 - HCl are solids which are extremely moisture sensitive.
They are waxy, difficult to mull and their stability varies
considerably - the methyl and t-butyl derivatives, for
example, darkened slowly yielding obscure decomposition
products. Their insolubility in benzene prevented the
determination of molecular weights by cryoscopy. Analytical
data (C,H,N and Cl1) are consistent with their formulation
as 1:1 adducts of trichlorostannane and RCN, and tin esti-
mations showed the metal to be both two - and four covalent.
Analysis of total tin gave low results, but tin(II)
estimations on all products, except the t-butyl derivative,
show the ratio tin(IV): tin(II) to be almost 1:1. Therefore,
half the tin present is in the lower oxidation state either
as SnCl, or, more likely, SnIIClB=° The products at their
simplest are regarded as being dimeric, and of general

t

formula Cl SnC(R):Nc(R)NH2+ 8nCl;~ (I; R = Me, Et, Bu”, Ph).

b

Their proposed structures are shown in Figure 7.1.

The infrared spectroscopic data is much less helpful
than other spectral detail to be presented shortly. Because

of extreme mulling difficulties and therefore poorly-resolved
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R
+ -
/ C —= NH2 SnCl5
N
PN
SnCl
R n 3
(a)
R\\\\\
C — NH2 SnCl ~
a %
N ./
I
]
//// \\\\ .
R n l3
(b)
Figure 7.1

spectra, only general structural inferences are permissible.

All spectra show two or three broad, high intensity absorptions
at Y (32OO=5500)051, similar to the spectra of aniline (308)

and some dialkylamine hydrochlorides (309). These absorptions
are assigned to (N-H) stretching frequencies of strongly
hydrogen~bonded species. In the range 9(’ILLOO'=’I'7OO)ctTl/I

three bands are assigned to ?(C=N) stretch and S(NHE) scissoring.

Whilst it would be tempting to regard the localised structure




more favourably than the delocalised structure (Figure 7.1)

(a) apnd (b) respectively), because the latter might con-
ceivably have a greater number of bands in this region, the
poor quality of the gpectra makes such a distinction
unjustifiable. Absorptions assignable to the SnCl5 groups
should be at Y(200-400)ci| (80, 310) but this is outside
the range scanned in this study.

The mass spectroscopic data listed in Table 7.1 a-d,

show neither peaks corresponding to parent ions nor
organo~tin fragments. The highest peaks are assigned to
snCl,t or SnCl4+, and are both present in the spectra of

3
two of the products (R = Me, Et, Table 7.1 a,b). The

SnCl4+ fragment could arise by an ion-ion recombination
process and/or by sample decomposition with the elimination

of tin(II)- and tin(IV) chlorides (equation 7.12). The

carbenoid species (RC(NH2)=N6R) which may accompany such
an elimination reaction would be a very reactive electron-
deficient moiety. Whilst a fragment corresponding to such
a species is found in the mass spectrum of the methyl

derivative, Figure 7.1 (a),no fragments related to its

combination products were identified. The spectra do not
offer firm evidence in support of the proposed structure
for in only one instance, that of the methyl derivative

(Table 7.1 a), is there observed a 'dimeric' backbone

(RC(:NH2>CN(R)+; R = Me). In fact the general breakdown
pattern evidences loss of organic fragments before loss of
chloride ions a feature also observed in the spectra of
methyleneamino- and acetamidino- tin(II and IV) derivatives
(Chapter 4 and 5), P-cyanoethyltin trichloride and
tri-n-butyltin trichloride (301).

266.
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SnCl.,~

R\C/NH2+ 3
v

4t Sn012 +

—» SnCl

N\

R SnCl

>\

R 7.12

R
The 'H-NMR data is summarised in Table 7.2. Since
the compounds are insoluble in weakly polar solvents such
as chloroform, tetrachloromethane and toluene, the spectra
were recorded at ambient temperatures as solutions of
perdeuterodimethyl sulphoxide. The 14N nucleus has a
spin number I = 1 and accordingly should cause a proton

attached to it to show three (i.e. 2I + 1) peaks of equal




Table 7.1

Principal Fragments in the Mass Spectra of

. . + -
RC(SnClB). NC(R): NH, 5nC1;
(a) R = Me
m/e Relative Intensity Assignment
260 I SnCl4+
225 5 Sn015+
190 2 Sn012+
155 11 Snc1*
120 I snt
84 2 MeC(NH,)NC Me®
59 68 MeC(NH.)NH.*
/%o
58 4 MeC(NHg):NH+
42 100 MeCNH'

268,




(b) R

- Et

m/e Relative Intensity Assignment
260 3 8nC1,”
225 22 Sn015+
218 6 -
190 z4 snC1,"
155 70 Snc1”
120 10 Sn*
110 1 (EtC:N)2
73 5 EtC(NH,): NH2+
57 5 FtCNH,"
56 8 EtCNH+
26 100 HC1™
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(¢) R :ABut
m/e Relative Intensity Assignment
205 3 5n013+
190 3 Sn012+
155 17 gnc1”
120 7 Sn*
t -+
098 6 Bu'C(N): NH
84 2 BuCoNH'
) r——
70 28 Bu’CH
+
57 51 Bu®

270,




(d) R=Ph

m/e Relative Intensity Assignment
225 4 Sn015+
190 1 SnC1,"
155 4 Snc1”
121 3 PhC(NH,): NH2+
120 2 Spt
105 80 PhCNH2+
104 100 PhCNH"
78 %6 PhH"
36 48 HC1™
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intensity because of spin-spin coupling. The projected
theoretical picture is however complicated by two features
viz. the rate of exhange of the proton on the nitrogen atom
and the electrical quadrupole moment of the 14N nucleus.
If the protons on a nitrogen atom undergo rapid exchange,
then they are decoupled from the N atom and a sharp singlet-
such as is the case for many aliphatic amines- for the
(N-H) peak results. At a somewhat slower rate of exchange,
partial decoupling can occur with the consequent appearance
of a broad singlet N-H peak. Only if a slow rate of exchange
pertains, might the evidence of 14N spin coupling be seen.
This chance is further reduced because of the electrical
quadrupole moment of theqqﬂ' nucleus. Nuclei with a spin
number of 41 have a non-gpherical charge distribution and
this asymmetry is described by an electrical quadrupole
moment which induces a moderately efficient spin relaxation
and thus an intermediate lifespan for the three spin states of
the nitrogen nucleus. The three spin states of N changing
at a moderate rate tend to cause a broad singlet peak to
be observed.

The compounds under discussion here, viz

t

C155nC(R):N.C(R):NH * 5nCl;~ (I; R = Et, Bu’, Ph),

2
surprisingly reveal triplet absorptions of equal intensity
assignable to the protons of the C:NH2+ unit. Such
absorptions of the appropriate relative intensities appear
at or about the same Tvalues - Table /.2 = whatever the

compound. The three peaks are relatively widely separated

(7 = 50.7, R = Et; J = 52, R = Bu®, Ph) suggesting very
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Table 7.2

+
1 SnC1

H-NMR Spectra of RC(SnClB):NC(R):NH2 3

a
Compound T values ppm

R = Me Sample decomposed in the solvent

1.96, 2.80, 3.54t (2); 5.50, 5.58, 5.64,

R = Et , .
5.75q (2) 8.51, 8.63, 8.75t (3);
7.16, 7.28, 7.40, 7.52q (2) 8.73, 8.85,
8.97t (3)

R - Bu® | 1.85, 2.72, 3.59t¢ (2)  8.97s.br. (9)
2.0, 2.87, 3.74t (2)

R = Ph

2.20 = 2.30 complex (20)

a relative to internal standard, TMS 1/= 10

t = triplet; q = quartet; relative intensities parenthesised.
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effective coupling - the coupling constants‘compare
favourably with those of secondary amines or trialkyl-
ammonium salts (308, 311) (J(N-H)being 40 - 68). Whereas
chemical shift is dependent on the strength of the applied
magnetic field, spin - spin coupling is, by contrast,
independent of changes in the magnetic field. The spectra
were recorded at different fields and the coupling constant
J remained unchanged. The inevitable inference must be
that (despite the likelihood of strong hydrogen bonding

in these compounds, which would facilitate proton exchange,
and the nuclear quadropole of 14N, already referred to,
both of which would cause broadening and coalescence of
the lineé) the triplet observed is caused by coupling
be?ween the 14N nucleus and protons of the O=NH2+ unit.
For the ethyl derivative, 0155nc(R):N.c(R):NH2+ SnClz~
(R = Et), two magnetically different ethyl groups are
evidenced, the signal (a quartet) due to the methylene
groups, of appropriate relative intensities, being farther
downfield than the related methyl triplet signal (Table 7.2).
Of the two remaining compounds, each possessing either

alkyl (But) or aryl (Ph) groups without o -hydrogen atoms,
the spectrum of the phenyl derivative is poorly resolved,

the phenyl absorption being a rather broad complex signal

at 1J(2°2O - 2.30). Hence by comparison with the ethyl
compound already maintained, the evidence neither confirms
nor disproves the anticipated magnetic inequivalence of

the phenyl groups; a similar spectrum was also recorded

for the t-butyl derivative.
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The product of the systems RCN - SnCl2 - HC1

t

(R = Me, Et, Bu’, Ph) in anhydrous ethereal solvent,

corresponding analytically to the adduct RCN. HSnClB, has
been formulated as RC(Sn''Cl,): NC(R): NH,' Sn11015‘ -
with tin in oxidation states + II and + IV - and some
evidence has been presented already to justify such a
proposal. A possible mechanism by which such a species can

arise is now to be discussed.

(ii) A mechanistic rationale

The reaction between methyl acrylate and a saturated
ethereal solution of tin(II) chloride and hydrogen chloride
to give p=carbomethoxyethyltin trichloride, ClBSnCchHQCOZMe
(equation 7.6), has been explained in terms of a hydro-
stannation (302=304), i.e. a reaction in which an unsaturated
unit inserts into a tin-hydrogen bond. In view of the earlier

discussion concerning the nature of the active species in the

tin (II) chloride-hydrogen chloride- ether system (Section 7.1)

the presence of a tin-hydrogen bond in the active species

(equation 7.8 and 7.10) appears to be very unlikely.

Consequently in the systems RCN - Sn012 = HCl in anhydrous
ether, a reaction following a hydrostannation mechanism
appears to be equally improbable. An alternative mechanism
for the methyl acrylate - tin(II) chloride - hydrogen
chloride system could, at first sight, be based upon the
reaction of tin(II) chloride with the adduct initialiy formed
by the methyl acrylate hydrogen chloride reaction (eguations

.13 = 7.,14. However, whilst the adduct ClCchchogMe is

known to be a substantial by-product, it has no reaction
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HC1 + CH2=CHCOQMe —> ClCHECHQCOEMe .13

SnCl, + ClCHQCHECOEMe-—{xg—a>0158noH20H2002Me 7.4

with tin(II) chloride under these conditions. It seems
probable therefore that, notwithstanding the ready
formation of the initial adduct of RCN and HCl - an

imidoyl chloride (equation 7.15), (312 = 314) an analogous

mechanism for systems RCN-SnCl, - HC1 (equatioms 7.15 = 7.16)

HC1
RC=N + HCl ——R=-C(Cl): NH—— RC(C1):NH.*C1™ 7.15

2

SnCl, + RC(Cl):NH2+ Cl—¢— 015SnC(R):NH9+ c1” 7.16

is unlikely. Furthermore, no dimerisation products of such
imidoyl chlorides, RC(C1l):NH, - discussed in greater detail
later - are evidenced in the systems studied. The mechanism
proposed for these RCN - SnCl2 - HC1 systems involves the
highly ionized species of hydrogen trichlorostannate(II),

5

involves a 1,2~-addition which affords a nitrilium ion(II)

viz Et20H+ SnC1 (equation 7.10). The initial step

and subsequently an alkyl (or aryl) trichlorostannylimine(III).
The latter may then be protonated to give an iminium salt(IV).

This is shown in (equation 7.17). However, the proposed

gt + SnCly ut +
= — = H ——— C . o
RC=N — RC NH-——_—————4>0158nC(R) NH 15SnC(R) NH, 2,17

IT ITT Iv

products of these systems are dimeric with two- and four-

covalent tin. Such dimers could arise by involvement of the
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nucleophilic species alkyl (or aryl) trichlorostannylimine(IITI)

as shown in equations 7.18 = 7.19. The product as formulated,

N

+
015:5:10(12):1\11& + ClBErJ]C(R)= NH,—>C1 SnC(R):NH2+SnCl -

3 3 7.18

11T Iv

—[

Cl,SnC(R):NH + RC=NH _________9.015SUC(R) NHC(R) NH

3

I1T 11 SnClan

719

+
SnC(R):NC(R): NH SnCl

Cl 5 3

3
I

ClBSnC(R):NC(R):l\;ﬁ2 SnClB’ (I) represents the terminal
compound for all the systems studied, and overall the
mechanism proposed bears a close similarity to proposals
made concerning the dimerization of nitriles in the presence

of hydrogen chloride (313 - 316). Here imidoyl chlorides,
RC(C1):NH (equation 7.15) dimeris under relatively mild

conditions yielding N(alkylchloromethylene) alkyl amidinium

salts (V Equation 7.20). For nitriles without o -hydrogen

N ~HC1

RC(C1)=NH :) ¢(R) _NE 51— RC(C1)=N—C(R)= NH c1~  7.20

i<l

atoms, RCN (R = Ph, MeC H, , EtS, (315) Me N (317)) V is the

terminal product, but when « -hydrogen exists then V undergoes
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rearrangement (equation 7.21) to give an N(Nf-chloroalkenyl)

amidinium chloride (VI) (313). Acetimidoyl chloride,

MeC(C1): NH2+ Cl, for example, changes slowly on standing

+ - t.- + -
NH, CL & NH, & R NH, Ce
NV N7 \C/
R e
N ——— R —— NY 1. 21
| e |
uw C 0 _
~ C—
1/ @ AN c vi
R —~c t=c% ) 87 e
»Ii H

to give N(chloroethylidene)- acetamidinium chloride (VI;

R

= H, R = Me) (42) presumably via the dimer V (R = Me)
as shown. In the present study, two of the four systems
examined contained nitriles, RCN,with.O(—hydrogen atoms
(R = Me, Et) and whilst analogues of VI are formally
possible, no such comparable rearrangement product has
been characterised, In all cases the terminal product

+ -
was Cl SnCl, (I; R = Me, Et, Bu’, Ph)

3 2 3
being the analogue of V (Cl = SnClB)° If such rearrange-

SnC(R): NC(R): NH

ment does not occur it may be that the trichlorostannate(II)

ion, SnIIClBE, is a better nucleophilé. (i.e. poorer leaving

group) than C1~. Consequently the mechanism by which such
dimers (I) arise is more likely to be that which dres not

postulate SnIICl5° as a leaving group, equation 7.19 being

preferred therefore to equation 7.18.
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7.4 Summary

In its reaction with nitriles the system tin(II)
chloride=hydrogen chloride in ethereal solvent behaves as
ionized hydrogen trichlorostannate(II) and effectively
the reactive species are HY and SnClB_ . Reaction takes
place by addition across C=N to give a molecule which
subsequently dimerises to give an N(alkyl(er aryl)trichloro-
stannylmethylene)alkyl(or aryl)amldlnlum trichlorostannate(II),
0155n Vo(R) :NC(R): NH2 Srm3 (I; R = Me, Et, Bu®, Ph).

It contains tin in oxidation state (II) and(IV) and is the
terminal product in all the systems studied, there being no
evidence of any further rearrangement reactions even when

the nitriles possessedti -hydrogen atoms. Their infrared,
mass and 4H=NMR spectra are discussed and the latter recorded
for the ethyl, t-butyl and phenyl derivatives evidenced

+
coupling between 14N and protons of the C=NH2 unit .




APPENDTIX

EXPERIMENTAL DETAILS
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1. General-

Most of the reactions described in this thesis involved
the handling of air- and moisture-sensitive compounds. All
reactions therefore were carried out in an atmosphere of
pure dry nitrogen in a two-necked round-bottomed flask. Air-
sensitive solids were handled in a glove box and liguids
and solutions were transferred as necessary using a syringe

against a counter current of nitrogen.

2. Nitrogen Supply

Nitrogen was drawn off from a tank containing liquid
nitrogen, removing traces of oxygen by passing through a
furnace containing reduced wire-form copper at about 400° .,
Water was removed by a trap cooled by liquid air and a
P205 tower. The gas was then delivered to a multiplet out-

let system.

3. Glove Box

The nitrogen was purified as described above and when
not in use its purity was maintained by continuous recycling
through hot (400°) copper towers, and cooling traps, at
=196°, a P205 tower and a KOH tower. Phosphorus pentoxide

was alsc placed in the glove box.

4. Infrared Spectra

Infrared spectra in the range (4000 - 250)ciEit were

recorded on a Perkin Elmer 457 spectrometer. Samples were




in the form of Nujol mulls or neat liquids between KBr plates.

5. 1H= Nuclear Magneti¢ Resonance Spectra

There were recorded at 60 MHz on a Varian A56/60D
spectrometer. Samples were prepared as solutions in benzene,
deuterobenzene, deuterochloroform and deuterated dimethyl-
sulphoxide as appropriate. Tetramethylsilane (TMS) was
commonly used as an external reference standard. Sample
tubes were filled by syringe against a counter current of

nitrogen and were sealed under nitrogen.

6. Masé Spectra

These were recorded on an AEI MSO mass spectrometer
at 70 ev and an accelerating potential of 8kv with a s»urce
temperature at 150O - 2500 and electromagnetic scanning.
Samples were introduced by direct insertion into the ion
source and protected from atmospheric moisture by a nitrogen

filled tube attached to the probe.

Y. Molecular Weights

These were determined cryoscopically in benzene using
a Beckman apparatus of conventional type. The benzene, of
analytical reagent purity, was dried over sodium wire and
calibrated using biphenyl. All measurements were taken
while a slow stream of nitrogen was passed through the

apparatus.




8. BSolvents

Hydrocarbon solvents and diethyl ether were dried and
stored over extruded sodium wire. Tetrahydrofuran was
dried over KOH followed by potassium metal, and was freshly
distilled before use. Deuterated solvents for 1H=NMR work

were commercial samples stored under dry nitrogen.

9. Starting Materials

Anhydrous tin (II) chloride and germanium (IV) chloride
were fresh commercial samples. Tin (IV) = and silicon (IV)
chlorides were purified by vacuum distillation. Solutions
of alkyl lithium and diethylmagnesium were standardised
against a molar solution of sec-butanol in xylene using
1,10-phenanthroline as indicator (122). The methyleneamines
(68, %18) and N,Nl=diarylacetamidines (319) were prepared as

described in the literature.

10. Analytical Methods

Carbon, hydrogen and nitrogen were determined using a
Perkin-Elmer 240 Elemental Analyser. Nitrogen was alsn
determined by the Kjeldahl method.

Chlorine was determined by (i) fusion of the compound
with potassium followed by volumetric determination of the

chloride ion or (ii) oxygen flask combination followed by
potentiometric titration of the -chloride ion.

Tin was determined gravimetrically by a procedure which
basically involved the decompostion of a sample to tin (IV)

oxide.

282.
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Zinc and magnesium were determined by decomposing
samples using a mixture of concentrated nitric and
perchloric acids. The liguids were heated until clear,
diluted with water, and then the metal content of the
solution determined using a Perkin=Elmer 403 Atomic

Absorption Spectrophotometer.
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