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4.1 CARRBROM

The chemistry of perfluoromethyl compounds has aroused interest
during 1978. Several new perfluorinated peroxides have been
synthesised. The fluoroformyvl peroxide, (CFB)BCOOC(O)F, is
obtained by nucleophilic substitution of (CFB)BCOUSO2F affording
the potassium peroxide, (CF3)3COOK, followed by reaction with

carbonyl fluoride:

(CF3)3C00502F + KF—-—-(CF3)3CODK + SO,F,
i COF,: —-KF
(CFB}BCOOC{O)F

The veroxide (CE‘3}3COOC(O)OCF3 is also obtained via a side-reaction.
Other peroxides may be synthesised from (CFB)BCOOC(O)F. Thus,
reaction with caesium fluoride at -78%¢C vields {CFB)BCOOCFZOF,
caesium fluoride and chlorine flucride at -78°C give the unstable
chloro-analogue, (CF3)3COOCF20C2, which decomposes at -65°C to
(CFB}BCOOCZ and COF,, and hydrolysis at 0°C affords the parent
peracid, {CFB)BCOOH.l The preparation of the corresponding peroxyl
fluoride, (CF3)3COOF, is achieved by the reaction of fluorine with
the (CF4)4C00 anion, generated as before, at low temperatures, and
reacts with KOC{CF3}3 to form the unstable trioxide., (CF3)3COOOC(CF3)3.
Addition of {CF3)3COOF to che alkene CF2CF02 proceeds by a free-
radical mechanism to afford both possible isomeric products:2

(CF3} BCOOF + CF2CFCE — {CFB) BCOOCE‘2CE‘2C$‘.

+ (CE‘B)BCOOCPCZCF3

Big(trifluoromethvl}phosphoryl-u—-oxo-bis{trifluoromethyl)phosphine,
(CF3)2P(O)OP(CF3)2, the mixed anhvdride of a phosphincus and a
phosphinic acid, has been prepared in guantitative yield by the

reachtion:
(CF3)2P 20 + (CF3)2P{O}C2—-- (CFJ)zP(O)OP(CF3)2 + (CF3}2PC2

which prohably proceeds via the formation of (CF3}2P(0)O(O)P(CF3)2,
and is subsequently reduced by [(CF3)2P]2O. The same mixed

anhydride is also produced by the reaction of P2(CF3}4 with nitric
oxide in the gas phase at s0°c. The yield by this method is also
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high {A4%) since further oxidation hv nitric oxide is difficult.
However, in the liguid phase cnly (CF3)2P(O}O(O)P{CF3)2 {90%} and
no (CF3}2P(O)OP(CF3)2 is formed. Cleavage of the mixed anhydride
by HCS at 20°C takes place at the phosphinyl-oxygen bond yielding
(CF3)2PCS’, and (CF3)2POOH. The reaction with KC proceeds similarly.
With Ni(CO)4 at 250, CO is lost, but the exact nature of the nickel
product was not fully determined.3

The thermal decomposition of CFBCN diluted toc ©.2 and 0.5 mal %
in argon behind incident shock waves over the temperature range
2450-3610K gives C,Fe, C2N2, CyFy and a trace of FCN. The course
of the primarv bprocess of decomposition:

CE‘BCN + Ar —am— C‘E‘3 + Ar + CN

was followed by monitoring the CN{0—-1}) violet absorption centred ac
42].5nm, and the rate constants so obtained were interpreted by
classical collision theeory, afEforded a value of the dissociation
enerqy DO{CFB_CN) of 102.7 %cal rnol_l. The formation of C2‘E‘4 and

FCN as mincr products are strongly suggestive of subseguent

decomnosition of CF3 to CF2 and F.q The photolvsis of {CF3)2CO-CH4
mixtures at 313nm at temperatures in the range 298-443K yields CF3H
and CoFg. as well as the four oxygen-containing products, CH3COCF3,
(CFBJBCOH, (CF3)2{CH3)COH and (CP3}2(CH3)COCF3, produced according
to the radical mechanism:
(CF4) ,CO Ay 2CF, + CO
2C‘E‘3—“‘- CZFS
CF3 + CH4—4"" CE‘BH + CH3
CFP, + {cpj)zco-——-—(cr3)3co
(CE4),C0 + CH4———"(CF3}3COH + CH3
CH3 + (CF3}2CO ——-(CP3)2(CH3)CO
{CE‘3)2{CH3)CO T —— CF3COCH3 + CF3
(CF3)2(CH3)CO + CH4-~‘4"- (CF3}2{CH3)COH + CHB
(CF1) 5 (CH,)CO + CFgq——"== {CF ;) , (CH,) COCF ,

Attempts have been made to study the kinetics of the reaction of
atomic hwvdregen with {CF3)2CO vanpour. Atomic hydrogen was generated

from dihydrogen by Hg-photosensitization in the presence of C2H4 and
(CFy),
by addition to (CF3),C0 making the kinetic results intractable.

0, but the system was complicated by the loss of C2H5 radicals
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When the atomic hydrogen was generated from CBHB’ the kinetics were

again ohscured by some unidentified reactions which became more

important at higher BCF3}2CO]/[C3H8] ratios. An estimate of the

rate constant Ffor the addition of H to {CF,4},C0 was possible at low

[ccFa),c0]/{caig] ratios, and the value 8.5 x 16?7 zmol”ls™l was

deduced. Among the reaction products, only CF3CH0 could be identi-

fied with any reliability; many of the heavier products remained

unidentified.6
Carbon tetrachloride reacts with tertiary phosphines to give

chloromethine-bridged phosphonium salts:

3R,R'P + CCo, —e— [RyR' -2~ C(CR) ——=- PR'R,]TC2” + R

R = R' = Ft, Bu

R = Et, R* = Th

Dechlorination of the analogous chlorophosphonium salt,

[Ph3P ——== C{Cp) ———— PCy Ph2]+Cg_, by tris{dimethylamino}phosphine

vields the thermally unstable, but isolable double ylid,

t
2R PC22

Ph3P=C=PC?Ph2, which gives other phosphonium salts by dimerisation

and reaction with water and HCF,:8

[Ph,p === ctcs) —=== PcaPh,]Yce”

lP(NMez)3
Ph3P=C=PC2Ph2

Hzif// HC2 hﬁh‘““ﬁin. Ph P——-—-C===DPPh

+ .. - +. - !
[ph3p~CH2~P(O)ph2] c1 [Ph3p————cu—~——pcgph2] cc Ph,P-~-C-—~~DPh,

The structures of cis—l,2~difluoroethene,9 ethyl methyl ether,lO

and ethvl methyl thioether11 have been examined in the gas phase by
elactron diffraction. The relative abundances of the trans and

gavche conformers in the gas phase at 20°C for the twe latter compounds,
given by nt/(nt + ng), are 0.80(8} for EtOMe, but only 0.25(15} for
EtSHMe. The barrier heights to internal rotation in CHBSeCN and
CD,;5eCN have been deduced to be 1241 *+ 50 and 1228 + 50 cal mol_l,
respectively, from an examination of their microwave rotatiomal
spectra_l2 The vibrational data for FBC—-CEC—-CECvC‘E‘3 fit DBG selection
rules establishing that the molecule possesses a linear carbon skeleton.
The CPB groups rotate freely in the vapour phase, but conformers exist

in the liguid and solution phases.l3 Microwave data for three
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isotopomers of carbonyl chleride have also been reported, yielding
structural parameters |C-C2=1.7401(8)R, c-0=1.1794(17}R, c-c-c2=
111.93(8}°] which are rather different from the previously reported
values.l4

The crystal structures of three more oxalate anicns, methyl

oxalate,l5 S-methyl monothiooxalate,l5 and 5,5'-dimethyl trithio-

oxalate.16 have been determined. All three are approximately planar,
and the ester groups, which are in mutually trans positions in the
latter, have the normal Z conformation.

Albano and his coworkers have reported the structures of two
complex metal carbide species, neutral [Ru 2C2{CO}25] {formed from
the rather unstable |Rhgc(co) ]?" anionm) !’ and anionic [cozcicor 1%
wikth Coq(CO)12 in isopropanol at 600.18 [Rhsc(co}lslzm comprises a
central asvmmetric metal atom cluster, which can be described in
terms of laver—-packing of atoms {see Figure l}, in which the carbide
carbon atoms lie as a [Cz] unit {C-C, 1.48(2)2). 0Of the fourteen
rhodium—carbon contacts, nine are short {mean 2.22R) and five long
(mean 2.58R). The [COSC(CO)18]2“ anion consists of a deformed
tetragonal antiprism of metal atoms (idealized D, symmetry}, with
the carbon atom occupying the centre of the cluster {see Figure 2).

As in the rhodium complex, there are short cobalt-carbon distances

{mean 1.998) and also longer, weaker contacts {mean 2.15R)-18

Figure 1. View of the Rh12C2 cluster showing its rationalisation
in terms of the layers of metal atoms {reproduced by
permission of the Chemical Society).
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Figure 2. View of the [COBC(CO)ls]ZH anion (reproduced by
vermission of the Chemical Scciety).

4.2 SILTICON, GERMANIUM, TIN AND LEAD

4,2.1 Reactions Inveolving Unstable Silicon, Germanium and Tip

Intermediates
. 1 31,
The reaction of silicon atoms from the 31P[n,p) 151 nuclear
transformation in phosphine-butadiene mixtures vield [31511,1,

silacyclopent—3-ene, which is also obtained in 46% yield from the
reacticn of thermally generated SiH, with butadiene together with a
oroduct believed to ke [3lsi]—l—silacyclopenta—z,4ﬂdiene. However,
the variation of the product ylelds with composition of the PH3-SiH,-
C4H6 reccil reaction ?ixtures casts doubt on the participation of
ground state singlet SiH2 as a reaction intermediate, as does Lthe
failure to dektect any of the thermal adduct of S5iH, to cyclopentadiene,
1-silacvclohexa~2,4-diene, from the reactions of > 8i in PH3—SiHa—C5H6

mixtures.lg

The kinetics of the reactions of ground state Sn{5 POJ
tin atoms with several small molecules have been studied. The
bimgolecular reactiohs with C,, Caz and N02 are exothermic, whilst

that with NO i1s endothermic. © Absolute rate data have also been
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reperted for the bimoclecular reactions of Sn(S3

D,, CH,, CF,, SF., SnMe,, CO, and2T

reactions with C2H4, Csz and NQ.

An infrared and e.p.r. study of the reaction of Sin with lithium

in an argon matrix has demonstrated that difluorosilvlene, Sin,
22

PO} atoms with 02:

20, and for the termolecular

and either SiF., or a diradical SiF, species are produced.

2 2
BlSin, formed in a nuclear recoil system reacts with

1,3-butadiene, cis- and trans—-pentadiene, and 2-methyl-1l,3-butadiene

Monomeric

to give equivalent amounts of difluormsilacyclopent—3—ene—3lSi and

31..

its methyl derivatives. The singlet:triplet SiF., ratics evaluated

from these systems are all ca. 1:3, and a similar e:uivalence in
product vields is also observed for the reaction of 31Siii2 with the
same diene systems. The reactivity of the silylenes is increased
by addition of trace amounts of 02 and NO, due to the formation of
3lSiPz-—donor comnlexes. Minor steric hindrance is responsible ror
the lower reactivities of the pentadienes, however, the large steric
effect between the trans~ and cis-nentadienes towards a triplet
3lSiP2—dggor complex was attributed to a direct [l,4]—addition
nrocess. The origin of disilanvl products in reactions involving
SiF2 has attracted interest. Liv and Hwang24 have proposed that
such products arise from the participation of oligomeric (Sin)n
diradicals. These workers observed that, in the reaction of Sin
with cis—~ and trans-difluoroethene, 1:3, 1:2 and small guantities

of 1l:1 adducts were formed. In addition, the reactions were non-
stereospecific, which indicated a pathway involving initial attack
of oligomeric diradical at the C=C bond followed by rearrangement,

thus leading to the production of both isomers:

1 a 1 3 2 3
RM“Cﬂ:/R SiF_S1iF R‘\‘c———c”R — R\“‘c———c”R
=
Rz/ \R4 _2—2__ R2/ I\Rél - R1/ \Rei
Fle Fzﬁl
F,Si- . F,S5i-
ln = F
1 3 2 3
RU _R RE _R
g o C==C_ r g oe==c_
R Si.F R SiF
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However, Seyferth and Duncan25 have put forward alternative
mechanisms based on the intermediate formation of highly reactive

difluorosilirane and -silirene species {vide infra) viz:

CH_,——CH R,C—CH

2 J 2 SiE‘2 21 I 2
CH, = CH_, + SiF,—% Si — - . i
2 2 2 r Fzsl———Sle
2 \\\‘\ .
) qi‘-/CHz-—Cﬂz Slle
2" SiP2
HC\=/CH .
HC=CH + SiF, — 51 : Si{CH=CH
F
2
SiE‘2
HC=EH
5‘251——515'2 A
gi .
B s SiF, == SiF,
1P2-————— ;
/ S S]‘_F‘2
SiP2
+
— . : — E—transfer . . . —
HC = CSiF,SiF,CH==CH, HC——-»-»CHSJ.E‘ZS:LE‘ECH—CH

Methyvlphenvlsilylene, produced bv the photelvsis of 2,3-
diphenyltetrasilanes, is less reactive towards insertion into
5i-0 single bonds than dimethylsilylene. Thus, no reaction could
be detected with cyclo~(MezsiO)3, hut insertion into 1,1,3,3—

tetramethyl-2-oxo-1,3-disilacyclopentane did occur:26

Me \\S d AN _/Me Me ~ / AN Me

i Si MePhSi: i Si
—_—
Me = TwoT TMe Me~"" \ /. TMe
_-Si—aQ
Me 1
Ph

Trimethylsilyl{methyl}silvlene, Me3si—éiMe, and trimethylsilyl-
methvlsilvliene, Me,SiCH 5iMe, are formed during the low-pressure

3 2
gas—-phase pyrolysis of MeBSi.SiC£Me3 and MeBSiCstiCRMe.SiMeB,
respectively, at 00-700°C. Me35i———éiﬂe results from a

rearranqgement of the disilene, MeESiSiMez, and undergoes intra-
molecular C-H insertion to Form disilacyclopropene, which
subseguently underqoes 5i-S5i bond fission accompanied by either H-
or CH,-migration to form {silylmethyl}silylenes, which yield the

3
final products, 1,3-disilacyclobutanes, {1} and (g):27
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Me
" sien wed
He351 S51-~H e 1—1
+ y S5i—-H
" H
MezslSlHez—-—-— Mezsl-SlHe —_—— Me\ /H (1}
S5i—51
e
Me * \\Me
N e
Mezsi _ﬁiH H——Si*—w
l —— .
g %1—H
Me

{2)

Reaction of tetramethyldisilene with alkynes leads to the formation
l1,2-disllacyclebhutenes (3)- These compounds are extremely air-

senstive, and underqo ring-expansion reactieons:

Me_SiSiMe, + RC=CR'—®= La_Si R —— e Mg, 51 R
2 2 2 2
o,/cce,
Me_ Si r* 8]
2 \
- ]
{_:7’_) Mele R
RySi: Fez(cng
M9251 R Mezsi R
RISi {0C) ,Fe
2 ~ 4
Mezsi Rt
Mezsi '

Further reaction of (3) with alkyne is very slow even at 350°¢C,
hut proceeds smoothly at temoeratures of 25-80°C in the presence
of a palladium comblex catalyst to vield 1,4-disilahexadienes (_4_}:28

Me Me Me
R Sf’ R l
H:][:: ::H::: Me—5i
Rr' S1 R’ lj
N (5)

Me Me
(4)
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Gas-phase photolysis of l,l-dimethylsilacyclobutane (5} using
1l47nm light gives as the major oroduct cz“q' inferring the coproduc-
tion of 1,l-dimethylsilaethene, Mezsi=CH2, with small quantities of

methane, ethane, propane, propens and cyclopropene. The formation
of the two latter compounds suggests elimination of Mezsi: as a
second mode of photodecompogition.29 Silicon-carbon double-bonded

species have also been postulated as intermediates in order to
rationalise the formation of some products. Thus, whilst most of
the products formed in the photolysis of MeBSiSiMePhSiMe3 may be
rationalised by the elimination of MePhSi:, the formation of (§)

may only be raticnalised by a silvl-migration to the aromatic ring:

NEBSiSiMePhSiMe3

products -—-w— MePhSi:
hv

it
1 E3

Lfe351-51Me

# C'H2= CHCH2CH3

SiMe3

He351—SLCH2CH2CH2CH3

Me

(6)

The photolysis of I-phenyl- or l-alkenyldisilanas generally
leads to the formation of silaethene intermediates. Such inter-—
mediates formed from l~alkenvldisilanes react with MeOH{D) to give

the corresponding methoxyvsilanes in high yield:31

/R2 rZ
CH. = C CH.—C
2 275

§1Mea3 hy Me,Si NeiMer? MeOH (DY
SiMez ]
i1
R

1 ) 2 3

R Me?SLCR2CR (D}-SiMeR~ (OMe}
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whilst with l-phenyldisilanes, silyl-migration occurs as proposed
for Me3SiSiMePhSiMe3 {vide supralyielding intermediates {(7) which
react with alkenes to afford 1,2-disilyl-substituted aromatic

compounds {B), e.q.:

i, i 51 —_= 1M I R
Slﬂe2511e3 N qlMez CH2 CHR 51 92C12CH2
LY. e
SiMe SidMe

3 3
(7 (8)

Addition of the intermediates to cis alkenes always afforded better
yields of adducts than the corresponding trans isomers due to steric

31 The unambiguous generation and trapning of a sila-

crowding.
benzene {9} has heen reported by Barton and Burns.32 Generation
of {9) involved the thermolysis of the l-alkenyl-l-sila-cyclohexa-
2,4-diene {10} in a cuartz tube nacked with quartz chips at 428%C.
When an alkvne was used as the carrier gas, {2) could be trapped

as the l-silahicvelol2,2,2]octatrienyl derivatives (11):

NN _/Mgcs?.
l ~ SN
"Si 428 H
1} 2 v ° [
’.‘-Ie/ ca THF Si"F"TH
v QX
# -C,H
S \\- 378
<?¢f — RC ==CR |
—
Si R=H, CFB ﬁi
e e

(11) (9

Photolysis of arvl-substituted disilanes in the presence of DMSO,
yields the silicon-oxygen double-~bonded intermediate, dimethylsilanone

Mezsizzzo, {12}, which is produced bv a mechanism involving nucleo-

philic attack of the DMSO0 oxygen on the photoexcited disilane at the

silyl centre bearing the arvl group, followed by the migration of

the aryl group to the other silicon atom:33
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i o—-—s/_
~ . L¢”’ ~ . .
Siz----~8i = Me,5 + Me,Si Me + [Me,Si=0]
< Tl \\
%
| {12}
P -
L Me _

The photolvsis of He35i5iMePhSiH93 and HeBSiSiMePhSiMePhSiMe3 in

the wmresence of DMSO cccurs by btwo major pathways. The first
involves the loss of [MePhSi:], which subseguently reacts with

DMSO tc vield methvlphenvlsilanone {13) ang Me,S. The second

rathway involves the direct generation of methyl{trimethylsilyl}-—
silanone (14} by nucleophilic attack of DMSO at silicon as above.

Both (13) and (l4)may be trapped by (Me

510)3 or 2-oxa—-1l,3-disila-
34

2
cvclopentane, e.g.:

Me,Si~51iMePh—SinMe

3 1 3
! By i
e RiSivMe, + PhMeSi: Me,SiPh + Me,Si-MeSi=0 + He,S
DMSO (11
[phvesi=0] + Me,S ¥
praoducts
(13)
products

Dimethylsilanone is also produced by the reaction of the silirene
{15) with DMS0, or an amine oxide such as CSHSNO or MeBNO. The
reaction of {1l5) with DMSO at 0°c in dry benzene produces Me, S,
MeBSiCECSiMEB, and the heterocycle (l6) via either a stepwise or

concerted bprocess:
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351 3
Sg=e”
- +
/Si + O——Stie,
rle \Me
X i (15) \\ . )
Ma 53 SivMe == HMe_5i S51iMe
3 pa— - 3 3 \\\ o 3
/c=c# / or c==c”
Me,Si J_ Mezsi/
\‘o S g
‘ A ez O* kp;smez
tﬂ‘IeaSJ_CEC—F:‘-JL:M.::3 MeBSl\ /SiMe3
+ Me,S + |Me,Si0} G
2 251 I |
Mezsiro + Me,S
Me,SiCc==cSive, + [Me,Si0]
(15) + [e,5i0] ———w—  se,S1 SiMe
- 2 - 3 P 3
>c:c
Me, Si SiMe,
\0
(16)

Dimethvlisilanone produced in this way can also be trapped by other
trapping reagents such as (Me3SiO)3 or Mezsi(one}z. Hexamethyl-
silirane reacts similarly with DMSC to give the same products, but
is less reactiVe.35
Hesides the now well-established S§i=0 and Si=C intermediates,
several other silicon and germanium multiplv-bkonded species have
been proposed. The thermolysis of the heterocycle {17} affords
the acveclic isomer (l8)as well as (Me3si)2CzN=N and the four-
membered heterocycle (19), derived by dimerisation of the

imineosilene (20):
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MF
"r!e\ e - {r-ie3si}2t€—5[i~(13=N=N
si”” SiMe, 45% Me SiMe,
. / \ /
Me351———N C {18)
™~ SN
N=—N Sitle,
. 55%
(17) e . e
=£ [MEZSL—N51!\1&3] + (Me,Si) ,C=N=N
(20}
Mezsi——T——SiMe3
i
Me351——N———51 Mez
(19)

Compound {20} shows a tendency, albeit considerably lower than the
silaethene analogue, Hezsi===C(SiMe3)2 {21) to undergo [2+2]
cvcloaddition reactions with itself or henzophenone, but its
reactivity towards insertion into Si-X single bonds appears to be
greater than for the carbon analege {21}. The efficacy of
trimethvlsilv]l compounds as trapping agents for (20} are in the
order (HezsiO)3<CMe3SiNMe2cMe3SiOMe<Me35iC2<Me3SiN3.36 A silyl-—
vhosphorane {22} has been proposed as an intermediate in the
reaction of hexamethylsilirane with carbonyl compounds in the
presence of tertiary phosohines. Thus, when a solution containing
PPh3, hexamethylsilirane and cyclohexanone were heated at 75° for
14 hours, l,4-dioxa-2,5~disilacvclohexane {26%} was produced. A
neariv guantitative vield (92%) was obtained when the more nucleo-
chilic MezPhP was employed, consistent with the rnechanism.37
{See Scheme 1}.

The thermolysis of germanium oxetanes and adducts of germanium
dioxolanes, oxazalidines and diazolidines with carbonyl compounds
leads to transient dialkylgermancnes, RzGe=O, which may be
characterised by addition of alkoxygermanes and oxagermacyclopentanes
to the Ge=0 bond, and by insertion and ring-expansion reactions

with ethvlene oxide.38 {See Scheme 2}.
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Me. C ——CMe
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N\_/ v
5i i
Me rle\:PR
2 2 3
IS ¢
- L3
Mezc—CHez Mezc—---Cble2
+ . ol +
_ PR 4 a— Me;Si—PRy
Me ,S5i: 3 Me.Si——PR
2 — 2 3
{22)
o=
* R2C o
ie,S R! M b
e i —= Me,5i —PR
2 2 2 3
N T - N
t
RYC—0O
dimerisation
o]
Me, 51”7 CR}
| ]
. .
ch.ﬁ“‘hD/’,SLMe2
Scheme 1
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RzGECH2CH20H ——— R2Ge —_—f e R2Ge
Raney ™o o N
Ni 1507C
60~80°C
RzGe=0 + C2H4
//r&__\\\ o R*
B_Ge o }-ﬁ—c——RGe=o+ \C=0+CH
27 T~ - 2 274
OM&?F\\ R
L] ﬁ
rR* R *O
o
RzGe/,
~o

Scheme 2
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HMe

Ph Me
Et. Ge + PhCHO = Et_Ge=0 + ~c
H/

NMe:]

N
P
.
Etzﬁe
1 o
Q 120-50~C

200% excess

2 2
NMa

25% o
Et.G \o
2 i //
O Ga
Et,

Scheme 2 {cont.)

Treatment af some germaoxazolidines and germadiazolidines with
CS2 cor PhNCS results in the formation of analogous transient
dialkylgermathiones, R2G8=S, by a similar f-elimination reaction
of the resulting adduct {(23}. The same transient species may also
be derived by the thermolysis of trimeric (RzGeS)J, and by the
desulnhuration of the germadithialane {24} by BuyF, a reacticn
which probably nroceeds via transient germathiacyclobutane {25).
Characterisation of the germathiones was achieved by addition of

EtBGeSMe, and ring expansion reactions with ethylene oxide and

sulphide:39
Y /Y—CHZ——-—-CHZ
EtL, Ge + X=C=5-—w= Etr_Ge
2 2 \\\
\\\N s—C N
R It 1
X=8, NPh X R®
¥Y=0, NR' {23} '
. - Lsoc'c E
{(Et._ . GeS} __l-ég.s.__- Et_Ge=5 + x:.—c/
2 3 2 ~y
b,

s
Bu_P

EtzGe/j 3 EtzGe/ + Bu,PS
\s 140%

(24) (25)
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The reaction of germylenes with phenyl azide leads to the
formation of transient germaimines, RzGe=NR', which undergo
nolycondensation to the corresponding cvcllic or linear germazanes

and insertion into the Se-N bond, e.g.:

F Ph
C t
20%C _ 1 ! 5
F2Ge + E-‘hN3 ——l— [cme—N Ph] ———— = ?e—-.&}‘
F n

MeJGeNMe2
Fz{ﬂezm)GeNPh—GeMe3

2He GeNMez; -2Me_ GeF

3 3

(MezN}BGe——-NPh———GeMe3

’Me Getiite
20%¢ 3 2
+ phy, 22 Cem [(ne,N) ,Ge=nph]

Ge (1iMe 3

2¥ s

The germaimines also participate in a pseudo-Wittig reaction with
benzaldehvde, producing the corresnonding germoxanes via new

germancone intermediates:

PhN _ PhCHO ~
R,Ge 3 g [R,Ge=NPR] R Ge\\ CHPh

———— - 2

R2=F2,Ph2,PhCl or Mez * h

3~

[r,ce0] ==—[Rr,Ge=0] + PhCH=NPR

The analogous germanhoswhinimines, RQGe=PR‘, are obtained by the

exchange reaction between e, GeCl, and the 2,5-disilaphospholane

2
{26) in THF at 20°C, and undergo the same types of characterisation

reactions.4l (See Scheme 3}.

4.2.2 Bivalent Germanium, Tin and Lead Compounds

Continuing the trend of the last few years, the chemistry of the
+2 oxidation state of the Group 4 metals is an area of substantial
activity. Perhaps the most significant report tm appear during
1978 concerns the *'in vitro' biomethylation of Sn(II).42 Methyl-
cobalamin has been found to methylate Sn(II) in the presence of an
equimolecular amount of aguocobalamin under nitrogen at pH 1.0 in

1.0M NacCl to give methvltin (IV} species. No reaction was observed
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Mez

///Si
PhP :] + Me,GeCl
2 2

s

51
MeE

(26)

{11e,Ge=PPh |

‘g s [Me,Ge-PPR],
ja] o]
20% o%c 252
/O /S i
Me’Ge \j HezGe :j
N ~p [ve,Ge-pPR],
Ph (50%) Ph

(208) 25%

Scheme 3

between Sn{II) and mecthvlcobalamin in the absence of oxidizing
agents such as aguocchalamin or Fe{III}, and catalvtic amounts

of aquocobalamin produced no significant cleavage. Significantly,
no cleavage occurred with Sn(IV}.

The nhase diagram of the S5nCl.,—SnBr, svstem shows the presence

of two regions of solid solutioﬁ (froi 0—35% and 45-100% SnClz),
with a small intermediate miscibility gap in spite of the isomor-
phism of the twe compounds. o terniary compounds exist in the
SnClz—SnBr -SnI

2 33

SnBr2 can form. Two lead{II) iodide bromides hawve been

characterised in the PbIz—PbBrz—H2

also be obtained by high temperature synthesis, the other, PbSI2Br8'

system, but a ternarv solid solution based on
2 system. One, PbS—Iqer, may

is only stable bkelow 220°C at which temperature it undergces an

irreversible solid-state transformation.44 The ternary tin{II}

sulphide iodide, Sn4516,

and SnS at 2800C, and has a structure based

has been prepared by annealing stoichic-
metric amounts of SnI
on that of Snl,.
independent; one is approximately coctahedrally cocordinated by six

2
Bll four tin atoms are crystallographically

iodine atoms as in SnIz, the cothers are irregularly six—- or seven-—
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coordinated by sulphur and iodine atoms.45 The structures of
several other halogenometal (II} compounds have been determined by

X-rav crvstallographv and follow wnreviously established patterns.

Thus, hoth RbGeC1346 anct l:“l!iq!=;r15‘34-"I consist of M+ cakions and MXJ_
anions, which have tynical rpyramidal coordination with three
additional longer M-X contacts. Tin(II}) enjovs the same type of
pyramidal coordination in SnBBrFS, which has a structure built up
from lavers of interconnected (Snlszo)ﬁn+ macrocations and
isolated bromide anions.48 However, in both Sn(NCS)F4g and
Sn21F35o the tin atoms are four-coordinated. The latter compound,

obtained by adding HI to a warm agueous solution of SnE‘2 and
allowing to cool, also has a layer structure composed of (Snsz)n
lavers and isolated iodide anions. Tin(II) isothiocyanate
fluoride was obtained by mixing and concentrating auueous solutions
of the two symmetrical comnounds has a chain structure very similar
to that of SnClF, in which the fluorine atoms bridge adjacent tin

atoms {see Figqure 3}. Perhaps not surprisingly, the structure of
S C M sn F
2.398(6) 8 \= Sn N c s
/ / 1.120 1.661
2 c N Sn F
2.219 01131 \ \
&n N C s
g
Fiqure 3 Schematic representation of the chain structure

oF Sn{NCS}F.

Sn{NCS)2 shown in Figure 4 is very similar toc that of the ortho-
rhombic tin{II) halides (the Pbclz—structure}, in which the tin

atom is primarilv coordinated by two nitrogen and one sulphur atoms,
with contacts to a further six atoms.-t

2y 52
SnHrKI3_x(x~O 3} and MeNH_,PbX

The methylammonium salts, MeRH 3 3

3
(x=C1,Br,I)53 have the cubic perovskite structure and are
intensely coloured. The tin compounds possess conducting

properties, though the lead compcounds show none under normal
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Figure 4 The structure oOf Sn(NCS)2 {reproduced by permission
of the Chemical Scciety}.

conditions. Although onlv exhibited by tin{II} when coordinated

bv heavv ligands such as iodine and tellurium, cubic coordination

of bivalent lead is much more common. Crystals of the complex
[Co{en}312 Pb,Cly Cl.3H,0 are composed of cations and infinjite
[Pb2C19]zn_ anion chains formed from [Pbclsl octahedra by alternate

54,55 Examination of the structure

sharing of vertices and edges.
of molten PbCl2 by X-ray diffraction shows that each lead atom is
surrounded by ca. eight chlorine atoms at a distance of 2.928%,

which is close to the sum of the ionic radii of Pb°" and C1 . As
an increasing amount of lithium chloride is incorporated into the

melt, however, the coordination at lead is lowered to six.56

57 have rationalised the ll9511 Mssbauer

Tricker and Donaldson
parameters of alkali metal trihalogenostannate{(IT} salts, MSnx3
{M=K,Na,Rb,Cs; X=F,C1l,Br,I}, using the concept of orbital
matching. The heats of solution of the tin{II} halides in the
donor solvents DMSO and DMF are exothermic in the order
SnI2 > SnBr2 > SnCl2 > San: the heats of solution5gn DMF being
substantially greater than in DMSO for each halige. The
electrical conductivity of SnC12.2H20 single crystals, measured

both with injecting and with metallic electrodes, shows two
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contributions: a c¢ritical, frequency-dependent, behaviour arocund

the phase-transition temperature, and a tempsrature-activated

process, both in the disordered and the ordered phase. This

second process causSes a very large conductivity along the erystallo-

gravhic ¢ axis at rcom temperature of the corder of 10_69”1 cm_l.

The conduction shows ohmic behaviour at low fields, but is non-

chmic at higher fields, and is probably protonic in nature.59
Halogenometal (II) compounds are carbene analogues, and as such,

noet surprisingly, take part in insertion reactions. The germylenes

GeCl2

stannanes with insertion into the Sn-C bond. The resulting germyl-—

and EtGeCl react with allyl- and trichloromethyl-trialkyl-

stannanes underge subsequent @-elimination reactions yielding
bivalent germanium species carrying an allyl or trichloromethyl
substituent, which ranidly polymerise but can be trapped by reactlion

with ethvl bromide:

cl
1
R3SnCH2CH=CH2 + GeClz———-— R35n F$Ge CHQCH=CH2
e 2
il
polymer ———-—— ClGeCH2CH=CH2 + R3SnCl

i EtBr/80°%C
Et

Ge c,
Br

EtMgBr

Et3GeCH2CH=CH2 CH = CH

2

EtGeCl + R,5nCH CH=CH2——-* RBSn CH.,CH=CH

3 2

CH=CH, + R,.5nCl

polvmer -—-w——— EtGeCH 2 3

P
R
!
Ge
!
CCly

Cl = Me,SnCl + RGeCCl

GeCl + !-1e3SnCCl3—-" Me35n

3 3

R=Et,Cl

The germvlenes RGeCC13 so produced can be characterised by insertion
into ethyl bromide followed by treatment with EtMgBr. Alkyl-

{dichloromethyllgermvlenes may alsoc be generated by an g-elimination
reacktion from alkyl{dichloromethyl)methoxyhydroqermanes.60
Insertion of tin{II) and lead{II} halides intc alkyl halides has

been emploved to svnthesise alkvlmeial{IV) trihalides. The
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reaction of SnCl2 with MeCl takes place in fused salts such as
MaAlCl, and NaAlCl,/KAICl, mixtures at 3659, 01
catalvses the reaction of PbI2 with alkvl iodides at 140°C in a
closed reactor to afford alkyllead triiodides as yellow crange

Trimethylantimony

crvstalline sclids with low melting points.62 Insertion of

anhydrous SnCl, into the Ru-Cl bond of (+)578— and (_)578_

(n—CGHG)RuCI{Mz} Ph,PNHCHMePh in THF 1s stereoselective, and
(+)578_ and {_}578_ (n—CGHG)Ru(SnClB}(Me)[thpNHCHMePh] are
produced. The stereoselectivity is dependent on the reaction
solwvent and may be the result of overall relention or inversion
of confiquraticon at the ruthenium atom, but the new complexes are
confiqurationally stable in a wide variety of solvents up to §0°C.
Cott0n64'65 has studied the insertion reactions of GeClz, SnCl2
and SnBr, with Fe~C g-bonds. Reaction with (CSHS){CO}ZFeR
{R=%e,Et ,n-Pr, p—MeCGHq, PhCH2 and p—CF3C6H4) leads to complexes
with qgermanium cor tin bonded to iron via a radical chain process.

63

& small substituent effect is observed in all cases for the benzyl
series, the reaction being favecured by increasing electron—-decnating
ability of the para-substituent. The major products of insertion
when R=a11yl(CH2CMe=CH2 or CHZCH=CH2} are the complexes
(CSH5){CO)2FeMX2(allyl), but in the presence of excess metal{II)
halide, these slowly react to form {CSHS){CO)zFeM){3 camplexes.
These insertion reactions are inhibited by small amounts of

radical scavenger, and occur initially with an allylic rearrangement.
In methanol, the process is more complex, and an unknown species,
possibly an iron-alkene dinpclar intermediate, and substantial
amounts of Fe—nx3 compounds are formed additionally.

Similar radical insertions of tin(II) alkyls and amides into
nhenvl bromide and n—~butvl chleoride have been studied by Lappert.66
The reactions of SnR, with PhBr {R=CH(SiMe3)2, N(5iMes},} and with
n-BucCl (R=N{Siﬁe3)2) in benzene are catalysed by a trace of the
more reactive halide EtBr. Ho reaction is observed in hexane in
the absence of EtBr, and when THF is employed as the solvent, a
larqer proportion cof the product is the corresponding tin{IV}

dihalide rather than the 1:1 insertion produckt, wviz:
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CGHG SnRz{Br)Ph + R25n8r2
[ H 1
sn [cH (SiMeq) 2] 2
THF SnRz{Br)Ph + RZSnBr2
3.3 : 1
CSHG SnRZ(Br)Ph
sole product
Sn[N{SiMe3}2]2 _—
THF SnRz(Br}Ph + R25n8r2
9 H 1

The reactions of PhBr with Sn[CH(SiMe3}2]2 were found to be first-—
order for both the catalysed and uncatalysed reactions, but the
rate constant for the latter was 2-3 fold higher. The principal
pathwav for the catalvsis was suggested to follow the chain

process:

SnH2 + EtRBr —e= .SnRzﬂr + Et.

.SNR. Br + PhBr —ee= SnR28r2 + Ph.

2

SnR., + Ph.-——a- .SnRzPh

2
Propagatian

.5nR,Ph + PhBr —a= SnRziBr)Ph + Ph.

2
Or, alternatively, the Ph. radical may be generated by reaction of
PhBr with the Et. radical, and subseguently react with the tin-

centred .SnR,Br radical to afford the insertion product.

2
The effect oF PbCl2 and PbBr2 on the efficacy of hetercgeneous
oxidation catalysts for the control of motor vehicle exhaust

emissions has been studied in detail. Introduction of the lead{II}
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halides on the surface of the catalysts {Ni,Co,Mn,Cu-oxides, both
neat and alumina-supported, as well as alumina—supported Pt} caused
a reducticon iIn catalvtic actbivitv. The decrease in activity is
not doe to the formaticon of a new, catalytically-inactive phase,
but in the case of Ni-, Mn- and possibly Co—-oxides, the poisoning
effect could be satisfactorily acccunted for by the formation of a
monolaver of lead compound on the catalysk surface. The results
obtained on the Co-oxide are, however, less satisfactorily explained.
At low temperatures, PbC12 in monolayer amcunts caused complete
deactivation, but at higher temperatures considerably greater amounts
were required to eliminate catalytic activity. Under all conditions
a larqge excess of PbBr, was required to deactivate the Co-oxide
completely. With supported catalvsts, the lead halides appeared
to be preferentiallv adsorbed on the alumina support. Again,
however, the sunported Co-oxide catalyst behaved atypically 1n that
no such preferential adsormtion took place, and even sub-monolayer
amounts og?PbCl2 caused the complete elimination of catalytic
activity.

Wwith a lone pair and a vacant orbital in their valence shell,
the germanium{ll} and tin{II} halides c¢an functicn both as Lewis
bases and Lewis acids. With phosphines such as t—Bu3P or
(ﬂe2N}3P, tin{Il} chloride and bromide form stable 1l:1 adducts,
whose spectra were interpreted in terms of an vlidic-tvpe of
bonding. In THF sclution or with HC1 the complexes undergo
dissociation:

—_—

{MezN)BPSnCl + nTHF q:——{MezN}BP + {THF)n-SnC12

2

+ —
t Bu3PSnC12 + HCl—am=— tBu3PH Sncl3

but reacktion with Me3SiPR2 produces the tin{II) phosphine,
R PSnX:GB

2

- NCIN - T

t Bu3PSnX2 + R2-51M93——-b t BU3P + R2P5nx + Ne381h

The same method has also been employed in the synthesis of the
tin{II} arsine, t*BuzAsSncl, from SnClZ.PEt3 and t—BuznsSiMe3 at

low temperatures.
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The physical properties of yellow crystalline t-Bu,AsSnCl
indicate a polvmeric structure with bridging t—Buzhs groupg but
terminal Sn-Cl bonds suggestive of a structure as in (27). A
complex in which the SnClz.ptDu3 unit functions as a Lewis acid

Sn 5n
I
>As</ﬂcll\ As(cl\ AS/\//
t—-Bu t—-Bu t—Bd/’/ —8u t—Bu//{ E—Bu
(27

mav be obtained by displacing THF from the complex (OC)SWSnClz.THF

with tuHu3P at 0°C in toluene. The resulting complex,

(QC) cWsnCl
70

—-PBu is soluble in arcmatic hvdrocarbons, ether and

2 3

Substitution reactions at the Group 4 metal in such
comnlexes can lead to the formation cf complexes of metal(II)
compounds which cannot (as yet} be obtained directly. Thus,
reaction of the complexes (OC)SH.GeClz.THF {M=Cr,¥) with silyl-
thicethers produces complexes of germanium{II) thiolates {28}:
.THE + 2fe

(OC)SN.GeCl SiSR-—l—'(OC)SMGe{SR) + 2Me_SiCl

2 3 2 3
\M=Cr ¥ (28} +THF

The structure of one such complex is illustrated in Figure 5.
The complexes {28} can incornorate Further bhase (MEBN,CSHSN,PhBP)
which coordinates to the germanium a'.:orn.-"'l

Cther monomeric tin{II) compounds also Eorm complexes with
transition metals. Tin{II} diketonate=z displace PhCN from
MCl2

and wvlatinum{II}! complexes:

snL
A- PAC1 2= 25nL

PdClz.ZPhCN — L=02C7H

-2PhCN {M=Pd,Pt) complexes in benzene to afferd palladium(II}

2
5

SnL2

L e
PdClz.SnCl2

L=dibenzovlmethanate,
benzovlacetonate
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Figure S. The structure of {OC)5Cr.Ge(SC6H2Me3—2,4,6)2
{reproduced by permission from ref. 71).

San

[ — PtClz. 2!:;1'1[-2

L=0_C-H henzovlacetonase

PtC12.2PhCN —
27778

SnL2
L e I[i't('.‘l2 . 5nL

2
L=dibenzovlmethanate,
hexafluorocacetylacetonate

The stoichiometry adopted appears to be largely contreolled by
steric factors.72

Tin{II} alkoxides have been recognised as useful synthetic
intermediates for some time, and further details of the chemistry
of these compounds have appeared during 1978. Tin{II} dimethoxide
igs readily protolysed, and reaction with bifunctional hydroxy- and
thiolato-comppunds vields tin(II}-oxygen and -sulphur heterocycles
such as (22)"(2&)-73

Careful hydrolysis of Sn(OMe}, leads to the isolation of

Snsoq(OMe)q, the first such isolated hvdrolysis product, the

74

adamantyl structure of which is shown in Figure 6. Wakeshima

and his coworkers have investigated the reactions of tin{II;
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0
3]
C o] o] M 5
NS ~
= \o \c/ \ Sn
] [ - 1C sn s
e /Sn 2 ___\0/
E
E=0,5
(29 (303 (31)
9] )
~— -
LO /Sﬂ Hzlc \ 14\1’/0\\
sSn 5n
N Q
H,C / oo
323 5
E=0, S (39)
{323)
Fiqure 6. The structure of Sn604(OMe}4 {reproduced by permission

of the Chemical Socilety).
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alkoxides with heterocumazlenes such as PhRCS, C5275 and EtNCQ.

At room tenmperatures, Sn{OEt), and PhNCS vield both 1:1 and 1:2

76

adducts:
OEt
/

Sn{OEE) 2 t PhNCSE —8=- Sn ——— PhNCS5 —s= Snr {NPhCSOEL) >
NPhCSOEt

but when the reaction is carried out at 80°C, a tin sulphide and
diethvl-N-phenvlcarhonimidate, PhN=C{OEt)2 are formed. Reaction
of PhNCS with Sn{OCH,CH,N'e,), is exothermic and yields only a 1l:1
adduct even when excess PhNCS5 is used. An adduct of stoichiometry
2Sn(OC6H4He)2.PhNCS was obtained from Sn(0C6H4Me}2, but Sn{OPh)2
did not react. CS2 was less reactive, and no reaction was
observed with Sn(OPh)2 or 5n(0C6H4:4e)2, but with Sn(OEt)2 diethyl-
thiocarbonate, diethvlcarbonate and tektraethylorthocarbonate were
_pr:.‘)c'iuc:'ec'i.?S

The reactivity of the tin{II} alkeoxides towards E{NCO decreases
in the order Sn(OCH2CH2NMe2)2 > bis o-{ethoxycarbonyl)phenolato tin
> Sn{OPh}2 > bis{ethoxycarbonylacetonato)tin > bis{3-ethoxycarbonyl-
?—-pentanoato}tin > bis(l-phenylbutane~l,3-dionato}tin > bis{dibenzo—
vimethanato) tin. Triethylcvanurate was the main product of the

reactions with Sn(OCH2CH NMe,) 5, his{o-ethoxycarbonylphenolatol}tin

2
and Sn(OPh)2 but with the other compounds both the isccyanurate and
6-ethylimino-1,3,5-triethylhexahvdro—~1,3,5-triazine-2,4~dione were

76 \.1'z=_-rv.arille-"’r-"lr has studied the effect of organic

produced.
compounds {polypropvlene glycol, hvdroxyrhenylsulphonic acid,
methanol, ethanol, formic acid) on the rate of formation of the
1Sn{II)-4Sn{Iv} charqge transfer complex in acidic S5SnS0, solutions
and their stability.

It would appear that the four-coordinated pseudo-trigonal
bipvramidal geometry with a stereochemically active lone pair is
much more common for bivalent tin than thought a few years ago.
Tin(IT)} Eluoride, Sn{NCS)F,%? 5n21F3,5°

infra} have alregadv been observed to exhibit this type of geometry,

74 .
and Sn604(0M3}4 {vide

which avpears to be preferred when very electronegative ligands

are banded to tin. Other compounds which also exhibit this
geometry are tin(II)formate,78 Sn H,PO, 2,79 and the [c135noc103]2“
anion.ao The gross structures of the materials, however, vary
considerably.- Crystals of Snsoq(OMe)4 contain molecular units in

which each oxide and methoxy group triply bridge the tin atoms
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{Figure 6), but in tin({II} formate, each formate group bridges

adjacent tin atoms leading to a two-dimensional sheet struckure as

shown in Fiqure 7. Crystals of Sn[H2PO4]2 are different still

{see Figure 8). Here adjacent tin atoms are bridged by a single

oxynen atom from each cof four different [HzPoa] qroups giving

infinite [Snoq]mchains. Crystals containing the Lcl3sn0C103]2_

The layer structure of tin(II} Fformate

Fioure 7.
{reproduced bhv permission of the Chemical Society).

Figure 8. The {Sno,]_ chains in $n[K,P0,],
{reproduced by permission of the Chemical Society}.
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anicn were prepared from a hydrochloric acid soiution of 5nCl, and
{henzenesulphinato-5)pentammine-cobalt{(III) perchlorate. The
structure of the anion is shown in Figure 9. The Sn—-0 interaction
is fairly long (2.91(1)8), but is presumably the initial step in
the transfer of oxvgqgen from perchlorate to tin{ll} responsible for
the slow oxidative decomnosition of the compound over several days

at room temperature.80 In contrast, the metal{II} atoms in

Fiqure 9. View of the [Cl35n0C103]25 anion

(reproduced by rermission from ref. BO}.
K25n20381 and KquOBBz experience pyramidal ceoordination by
oxXyqen. Both compounrnds were obtained by heating appropriate molar
ratios of slightly oxvgen defficient K,0 and Sn0 or PbO at high
temperatures {ca. 500°) for 7 davs. The lead derivative contains
isolated Pbo3 groups possessing approximately C4, Symmetry,
which are ordered in a very complicated manner and connected by
K+ cations forming a lavered structure. K25n203 crystallises
with a perovskite lattice in which half of the anions are missing
in a regular manher again resulting in a layered structure in which
~5n-0,-5n— layers are stacked parallel to the base in a rhombohedral
seque;ce. The material hvdrolvses immediately on exposure to air
to give hlack SnoO. The ternary lead oxides, M,PbO, {M=K,Rb,Cs)
were prepared similarly (450%c, 21 days, evacuated glass ampoule},
and a crvstallographic study of the pokassium compound showed the
nresence of isclated [szod] groups alsc arranged in a layered

structure with pyramidal coordination of 1ead-83
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Several other mixed oxide swstems involving lead have been
studied. New mixed valencv lead oxyiodides of variable composition
Bb(IT) ,_ Pb(IV) O,I,
Treatment cf the massicot modification of PbO with iodine in water

have been synthesised by different routes.

at room temperature vields a brown wowder consisting of crystals
of almost colleoidal dimensions of stoichiometry l<x<2 which

anpear to have bodv—-centred tetragonal symmetry. Better
crystallised specimens with similar stoichiometry were obtained by
the reaction of PbI, and Pbj0, at 500°C. Crystalline samples
with a higher icdine content, e.g. E’b(II)‘?‘5 Pb(IV}l_5 D4I3,

could bhe prepared bv the reaction of Pb02 with PbI2 in the

temnarature ranqge 43a-550°c. 34

The phase relation of products
obtained in the reaction between PbC and TIiO
conditions up to 500°C and 500 kq cm 2

investigated. The vield and crystalline properties of purified

o under hydrothermal

for S hours has been

PbT103 dewend upcen the pbO:TiO2 molar ratic in the raw mixtures

as well as the temperature. Aoth PbTiO3 and PbTi3O? may be
synthesised at a remarkably low temperature under hydrothermal
conditions {(cf. the iqnition process). Pure and well-crystallised
PbTiO3 is obtained bv heat-treating above 400°C at Pb:Ti ratios
greater than 1.0 and dissolving the excess PbO with acetic acid.
PbTi3O? coexists occasionally with PbTiO3 to some extent at Ph:Ti
ratios less than 1.0, but aoppears as a single phase in the
tempaerature range 100-450°C at a Pb:Ti ratio of 0.33. The unit
cell volume of PbT103 rremared at the lower temperature is g5
considerably larger, suggesting a loosely packed structure.
The structure of pure perovskite PbTiO3 has bheen refined at -183,
-115, 25 and 55% bv the Rietveld neutron powder profile method;
however, no evidence ccould be obtained to confirm the low—temperature
phase transition reported previously.86 The same method has also
been aveclied to szro‘gTio_loa at various temperatures in the range
25-300°C. Cation displacements and octahedral distortions were
obsexved to decrease smoothly with increasing temperature, as
expected for a ferroelectric material.87 The equilibriuvm diagram
of the PbO—Mn203 system in the temperature range 20-1200°C in air
shows the formation of two compounds: PbsMn6017 which decomposes
at 830°C to afford PbyMn.0,, and PbO.5°
for the Pb0—5b203 system in air shows the formation of several
3+xsb208+x {with aagomogeneity range of 23-30

ohaseas: prbzos, Ph
mole % Sb203}, Pb4sb20g and Pb65b204. The reactions of PbO,

The equilibrium diagram
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Phoz, PbCO3 ox Pb(OAc)2.3H20 wikh Sb203 in a 2:1 molar ratio at
temperatures up to 700°C vield a cubic pyrochlore together with
Pbsbzos_ The pyrochlore contains Pb{IV}, and has the approximate
composition Ph(II), pb(IV}O.SSb{V)l.S On5.75- After heating to
900°C, rhombohedral szsbzo? 1s formed, but there was no evidence
for the formation of a cubic medification with the pyrochlore
structure.90 Crystalline hydrated lead{(II} pertechnetate and
perrhenate, Pb(MO4)2.2H 0 (M=Ti,Re) may be prepared by treating

2
PbCO., or PbO with the appropriate acid, but are extremely unstable

3
in air losing all of its water of c¢rystallisation even at room
temnerature.gl The molvkdate, szb{Mooq)z, is obtained Erom the

interaction of the two binary molvbdates, and has a structure
based on that of pvalmierite, K2Pb{soq)2.92
The thermodynamics of the dissociation of solid PbSO3 into PbO
{tetragonal} and 502 in the temperature range 328-175°C have been
investigated. The enthalny and entropy of reaction were
determined to be 33.1(1.0} kcal moledl and 40.9(1.5%) e.u. respec-
tively.93 The structure of lead selenite, PbSeO3 has been
reported. Each lead atom has nine contacts to oxygan, four at
short distances (2.53~2.678) and a further five at 2.83 - 3.053.94
Lead orthote%lurate, Pb3Te06, has been obtained as a yellow
crystalline solid bv heating a mixture of elemental tellurium with

PO and Na2CO At temperatures above 40000, howaver, slow

3-
decomposition to PbTeO3 and PhoO occurs.gs The two lead atoms in
szTe3O8 are crvstallographically non-equivalent. Both have

highly irregular coordinatien; one with ei«qght contacts to
neighbouring oxygen atoms and the other nine within the range
2.28{7) - 3.33{3}3.96 Crystals of szpdolz.deo are transformed

into the dihydrate, szqulz.zﬁzo, by heating at 100%. Further

heating at 150°C results in the formation of crystalline Pb2H3P3010
which cccludes amorphous H3P04. The structures of both products

have been determined, and each lead atom forms eight contacts to

oxygen.g?'ga Static iscthermal heating of 2SnHA504.H20 yields

. 99
first SnEO(thsoql2 and then Sn,As,04.
The cyvclopentadienyl derivatives of bivalent germanium, tin and

lead have heen the subject of detailed examination over the past

few years. Nevertheless, in 1978 several new types of reaction
of these compounds were reported. Fhotolysis of {C5H5)23n yields
the CgHg- radicel {e.s.r.} and a yellow solid separates from

solution, presumablyv the ultimate product resulting from the
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inferred other vroduct, the S5n (I} CSH55n~ radical.lOO No
reactions involving substitution on the cyclonentadienyl ring have
as yet been reported. However, refluxing a mixture cf (CSHS},Sn
with Me,SnNEt, in benzene for six hours yields (Meaan5H4)25n as
an extremely oxygen and moisture sensitive, slightly yellowish-
green olily liquid. Substantial amounts of (Me Sn)zcsl!d and

1
(Me3Sn)3C5H3
The lack of any substantial ring-substitution chemistry is most

vwere also formed in the reaction.

nrobablv a consegquence of the facile protolysis of the Sn{II}-

CSHS bond, and many such reactions, including that with U(CSHS}(CO}3H
to give Snfw(CSHS)(CO]312, have been reported previously.

Treatment of (CcH.),Sn with a three mole excess of Mo(C.Ho} (CO) 4 H
leads to the formation of HﬁniMo(CSHS}(CO}B]z(QE), presumably by

an initial orotolysis reaction affording Sn[Mo(CSHS}{COJ3]2 as an
intermediate which subsequently inserts intoc the Mo-H bond of a
further molecule of MO{CEHS)(CO)BH. Treatment of (37) with
chloroalkanes converts it into c15n£no(c5H5)(c0}3}3, whilst

reaction with HCl and acetic acid nroduce XZSn[Mo{CSHs)(CO}B]Q

(x=C1,0ac) . 192
13

As had been recognised previously, the "H and
2M (M=Ge,5n,Pb} confirm a skew
sandwich structure for all three.103 The photoelectron spectra

of {C5H5}2M (M=5n,Ph} have been interpreted in light of their

C n.m.r. data for (HEC5H4)

structures, The results do not support the separation of
covalent centrally-bonded metal cyclopentadienyls intoc a—bonded
and co-bonded classes. Rather, the evidence suggests that
si-bonding of some tvpe is essential for the formation of the
centrally-bonded structure, and when this is not possible or
effective, the peripherallv-bonded structure is adopted.lo4
From a comparison of infrared data with other Group 2 metal-—
Fe(CO)q derivatives, PbFe(CO)4 is associated in the Sclid-state-lOS
The structure of GeS, rnreviously determined by Zachariasen in
1932, has been reinvestigated. The germanium atoms are each
pyramidally coordinated by three sulphur atoms in a layer structure
parallel to the [lOO] plane.lo6
ates{II) and thiostannates{II}, MEM'54 {M=Ln,Ce; M'=Ge,Sn}, are
cbtained as red-brown, isostructural solids on heating a mixture
of La,S4, Co84 and M'S at temperatures around 600°¢. 197 The
kinetics of growth of oxide films on the 100 face of a PbS single

Lanthanum and cerium thiogerman-~

crvstal are initially linear but subsequently follow a parabolic

rate lats. Lanarkite PbO.PbS0, and PbSQ, were detected in the

product films.lo8

4 4
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veithl0%=111 oo ihlished details of the chemistry of 1,2,3,4%-
diazasilastannetidines. Thether these compounds exist as a
monomer (38)or as a Lewis acid-Lewis base dimer {39} depends on the

Me
\.
; =i
Me N gﬁﬁf’ \§Q
g4 Sn: R—N te N—R

s / “‘\""-.
,19/ g \Sn/l

{38} R—— N
Aie
51
N\
Me
{391
nature of the organic substituent con nitrogen. At room temperature

when R=t-Bu the compound exists as a red monomeric liquid, but on
coocling below 0% two crystalline meodifications are found. The
monociinic nhase contains both monomeric and dimeric units, whilst
the other triclinic phase presumablv only contains dimers. When

R=i-Pr, only dimeric units are nresent in both solid and liquid

phases. The intermclecular asscciation may also be broken down
bv the addition of pyridine:l®?/110
i_?r l_zr NC_ _H
Ma
He o ~ ™~ - 55
\Si/ \‘qn- 2C H N 2 /Si/ S’
. . — i -
Me/ \N/ ve \?/
i—Lr i-¥r
2

Oxidation of (38} (R=t-Bu) with oxvgen at -78°C in pentane or ether
vields the spiro-tetraazastannane (40}, but with sulphur in
henzene the dispiro[3,3,3]distannadisulphadisilatetrazane {41}

is produced. This latter compound may react further with the
R R R R
N N N 5 N
™~ . ™~
Mezsi/ \Sn/ \‘SiMez MezSi/ sn”” Sn/ SiMe,
\N/ \N/ \N/ \s/ “\N/
B R R R

(40) (41)
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starting stannylene (38) (3éh at 130°C) to vield (40} and sns, a
reaction for which an activation energy of 48.6 kJ mol_l was

determined. Compound {38) also reacts with SnCl4 in 2:1 or 1l:1
molar ratio in benzene to afford the spiro-tetraazastannane (40}

and the diazadichlorostannane (41), respectively. Again, further
reaction with {38) mav take wlace giving (ﬂg).lll The reaction

ﬁ Me Ma
Me,Si snCl, \Si/ t—Bu

w Sy

(42}

of (41} and (38} in the presence of moisture vields a product of
stoichiometry Me3Si(Mt*Bu]28n.SnO.SnCl - The structure of this
compound is dominated by a [SnClzl ribbon to which [Mezsi{t~BuN)2Sn20]
cage unikts are connected via the oxvgen atom acting as an electron
donor. The "molecular” unit is shown schematically in (42}). The
cage mav be understood as a reqular [stnz] tetrahedron (5n-N,
2.31%) bridged by a [“ezsi] groun across the N-H edge and by an
oxvden atom across the onpesite Sn—-5Sn adge (Sn-0, 2.093).112

The nroducts of reacticon of Sncl2 and Sn{NCS}2 with l8-~crown-6
have been formulated in terms of a cationic moiety snx" {X=Cl1,NCS}
bonded to the crown ether and anionic Snx3‘ on the basis of tin-
119 Mbssbauer data. In contrast, the product from 18-crown-6 and

113

Sn[C104)2.3H20 contains only one type of tin atom. The rates

of complexation and decomplexation of 1S-crown-5 and 18~crown-6
complexes of Pb2+ have been determined from ultraseonic adsorptiocn
measurements over the 15-205 Miz frequency range at 25%, The
data obkained could be fitted to a kwo-skep mechanism, in which

loss of coordinated water from the ions was prowosed as the rate-—

determining step.l14
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The kinetics of remlacement of cyclic polvethers (Y) by the cyclic

tetraamine (CH2CH2NH}4 (=L} for sz+ in acetate buffer soclutions

2+

have been measured. The Formation of PbL is first—-order in [L]

{Pb{OAc}+}, and in [PbY2+], and the relative rates of replacement
of ¥ hy L. are approximately inversely proportional to the relative
stabilities of the pby2t comnlexes, with 1l8-c¢rown-6 being replaced

most slowly.ll5

The reaction of dioxocycloventakis(l-iminoiseoindolinato}uranium{VI}

with snCl, and Pb{(OAc}), results in a ring—contraction:llG

+ X, —
M= Cu._Xi. i S Ph
X- = halide
X
N+ LOX. + @ F M,
S -
3

HHexagonal bipyramidal lead{II} complexes of the hexaimine macro-—

cvelic ligand (43) {=L3} are obtained by the reaction of 2,6-

l ™~
Me-. . N/ Me
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diacetylovridine and 1l,2-diaminocethane in the presence of

Pb(NCS}2 og pb(c104)2. Metathesis with the perchlorate gomplex
yields PbLL {NCS)2 - Preliminary structural data for PbL" (NCS),
shows the lead atom to bhe B-coordinated, with the six nitrogen
atoms of the macrocycle defining the equatorial girdle and the HCS
gqrouns, one nitrogen-honded the other sulphur-bonded, occupying
the two axial sites. The macrocvecle is distorted significantly

from planarity.ll?

4,2.3 Hvdrides

Silane decomposition in & single pulse shogk tube at 1200-1300K
takes via an initial molecular hvdrogen elimination reaction
(SiH4- SiH2 + H2), rather than via the bond fission process
(SiH4 3 * H.}. The results Eor SiD“.I
presence of excess toluene show conclusively that the deuterium

—~e= . GiH prrolvysis in the

atoms generated in SiD‘1 decomposition under shock conditions arise
from the fast dissociation of SiDz.118 The reactions of SiHll, with

requlated amounts of zeolitiec water in zeolite Na~Y and in Na-
mordenite have been studied. Between 60 and 200°C, the reacticn
proceeds more readilv in the three-dimensional channel system of
zeolite Y than in the one-dimensicnal channels of mordenite.

The reaction products are not displaced by outgassing at BGOOC,

and are probably low molecular weight condensaticn peolymeric

molecules.ll9 Ab initio Hartree—-Fock M.0O. calculations have been

carried out on SiH,, SiH,F, SiH2F2120 and Si2H6.121 Adding
silicon 3d functions to the hasis set does not substantially

alter the combined s and p electronic populations for the first

three molecules.120 The parrier to internal rotaticon in
Si,H. has been predicted to be 2.317 kJ mole”l.}?1

The alkynylsilanes and —qermanes, H(D)3SiCECCl, H]SiCECBr,

H3GeCECCl, and H3MCECMH3 (=51 and Ge} are obtained by the
reaction of silyl or qermyl halides with LiCgCCl, LJ'.2C2 or
NaCECBr.l22 Small amounts of BCl., catalyse the reaction of

3

benzene and Cl,SiH at 300-3509C to give PhSiCl. and H,. The

3 3
proposed mechanism involves the intermediacy of boron hydride and
baron phenyl species.l23 2-Germa~acetic acid decomposes in

dilute acetic acid to vield carbon monoxide, an orange-yellaw

solid of approximate comnosition GeH and small amounts of

0.6"
germane. In strongly acidic solution, however, carbon monoxide

is evolved guantitativelv, and no solid hydride or germane farms;
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racther the solution contains the GeH3+ (or GeH3(DH2)+) cation.
I+ would appear, therefore, that the germyl cation is not stabkle
in less acidic solution forming qgermylene, GeHz, which disprcpor-
tionatES.lz4

Complexes of several transition metals, principally rhodium,
cobalt and nickel, are active hvdrosilylation catalysts.
Phosphine comnlexes of nickel, ruthenium rhodium, palladium and
platinum ((Ph P} Rhcl} is the most effective and convenient)
catalyse the hvdr0511ylatlon of l-hexane by C1251H to give n-
hexyldichlorosilane exclu51vely.lzs (PhBP)BRhCl also catalyses
the reactions of hex—l—ynel26 and benzylidene anilinelz? with
Et351H. The reaction with hex-l-wvne affords cis- and trans-n-
BuCii= CHSiEt3
Favoured hy a decrease in catalyst concentration, increase in

as the major products, the former product being

temnerature, or increase in the silane/alkyne ratio. The trans
product isomerises on treatment with the catalyst, but only in
the presence of silane.l26 The silyl-rhodium complex, (Phap}z“
{Etaﬁi)Rh{H)Cl, is probably the active intermediate in such
hvdérosilylations.

The hvdrosilylation of a multitude of alkenes R'—CH=CH2
(R*=C,H_~C) H, , Ph, SiMe,, CH, Nie,, CH,N[Si(OEL),],) and
cvclopentadiene with a variety of silanes HSiR;x3hn {n=1,2;
R"=%e,Ft:; X=Cl; n=0, X=Cl, OQEt) in the presence of catalytic
amounts of coztco}a and th(CD}l2 have been described.
Alkvichloroc{ethoxylsilanes and c¢yclopentenylchloro(ethoxylalkyl-
silanes are obtained in guantitative yields after reaction times
varying from 0.5 to several hours depending on the nature of the
metal carbonyl, alkene structure, and reaction temperature.
Hydrosilvtion of vinvl- and isaopreopenyl-O-carboranes occurs at
20-30°C aver 2-3 davs to give only 20-35% yields of the corres-—

ponding silanes.l28 Hydrosilylation of alkenes by Mezsin
catalvsed hv the system Ni(acac)z—AlRa--PPh3 involves only cne of
the Si-H bonds Lo afford dimethylorqanylsilanes.129 Cobaltacyclo-

pentadiene complexes react with Et3SiH Lo give diene complexes or
uncomplexed, highly substituted butadienes, e.g.

CeH PPh
575. o 3
Co

EE.,SiH 5 S
Ph Ph  —3 am
70%¢ Ph
ph Ph SiEt

3
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When this reaction is carried cut at 120°C, (44) is obtained. >°

Ph Pi
e

H/\_/SlEtB
Ph “Ph

(44)

Chlorinated hvdrocarbons such as CC14, CcCl,Ci and 1,1,1,3-

r

tetrachlorcalkanes are selectively reduced b; sglanes to give
CHC13, l,1-dichloroethane, and 1,1,3-trichloroalkanes, respectively,
in high wvields in the presence of catalvtic amounts of ruthenium({II}
complexes. The catalysis is rationalised on the basis of
successive oxidative-addition, reductive—elimination, and hydrogen=~
halogen exchange on the phosphine-ruthenium complex.l3l

The alcoholvsis of the Si-H bond is hetercgeneously catalysed by
alkali metal salts such as KF, CsF, KNCS, or ootassium or caesium
carboxylates. The reaction is highly selective, and by choice of
conditions it is mossible to prepare mono-, di- or tri-alkoxysilanes
by changing the salt catalyst or the temperature and/or the [silane]
/[alcohol] ratio. The proposed mechanism cf the catalysis involves
the coordination of the salt anions to the silane, causing delocal-
isation of the 5i~H electron pair, and the reaction then takcs
nlace by nucleoochilic attack of the alcohol molecule at the silicon
atom.132 The role of the solvent in the alkali catalysed hydrolysis
of 3- Uz~methoxy)ethoxy]—pronyldimethylsilane has been investigated
kinetically in dioxane/water varving the solvent composition.
Statistical analysis of the kinetic data indicated that approxi-

mately three molecules of water are involved in the ratve~determining

step in a transition state such as <ﬂ§}.133
I #OH ¥
HO — 81 — =~ — — Hommm— e He— — e — OH
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Trimethvlitin hydride cleaves the ™M~E beond of RnEM(COJS {¥i=Mn, Re;

E=P,A5; R=CF3,n=2} and IRe(CO}S

trimeth»ltin derivative and HM(CO)E.

te afford the corresponding
134

4.2.4 Compounds with Four Metal-Carbon Bonds

Purely organometallic compounds are beyond the scope of the
nresent article. However, certain aspects are worthy of note
here. The structure of tetravinvltin in the gas phase has been
studied by electron diffraction. The preferred model {of Sy
symmetry) predicts that all four vinvl groups are intermediate
between the staggered and eclipsed conformations-135 The
proximity of a bulky iodine atom in Ph35nCH21 has a negligable

h llgSn n.m.r. cata

136

effect on the stereochemistry at tin, althoug
show that some perturbation of electronic distribution occurs.
The crystal structures of C,C'—bis{trimethylstannyl}*B—[S—(tri—

methylsilyl}-metnyl}-m-carboranel?’ and 1,1,6,6,~tetraphenyl-1l, 6~

1338 have also been reported, The latter has

distannacyclodecane
a 'boat-chair-boat' tvoe conformation in the solid, but in
solution at room temperature undergoes rapid interconversion

119

hetween the possible conformers (13C and Sn n.m.r.}.

1y and 13C n.m.r. studies have established unequivocally that
the metallotropic rearrannements of cvelonona-2,4,6,8-tetraenyl-
trimethylﬁtannanelag proceed by successive [1,5] migrations and
of cyclohepta--z,4,6—trienyltrimethylstannanel4O by either [1,4]

or [1,5] miqraticons, rather than [1,2] shifts. Similarly,
cvclohepta-1,3-dienyltriphenvlstannane undergoes [1,5} shifts.

It is therrfore guite probakle that rearrangements in cyclopentan-—
dienyl- and indenvltin compounds also proceed hy [l,S] shifts,

contrary to previous squestions.lqo Tha MBssbauer spectrum of

(He33n)2CN2 exhibits a quadrupole splitting of 1.0mm S_l
indicating a strongly deshielded tin atom. N.m.r. data {IH,

le, 15 d 1195n) reveal a regular distribution of enhanced

N an
electron density along the CNN moiety, and force constant calcu-
lations indicate a decrease of bhond order in the #N-N bonding and
an increase in the N-C bonding.l41
Convenient, high yield syntheses of perflucoromethyl derivatives
of the heavier Group 4 metals are still elusive. Although
several new routes have been investigated, none is satisfactory.
Controlled, low-temperature direct fluorination of Meésn does

vield partiaily fluorinated derivatives, but Sn-C bond cleavage
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occurs as well.l42 Bis{trifluoromethyl}mercury is a useful CFy

group scurce, and undergoes group exchange with a number of
germanium, tin and lead comoounds. Exchange with Gequ and
GeI, yields all the perfluoromethyl derivatives (CFalnGexq_n

{n=1-4; X=Br,I) but only mono- and his—tin derivatives can he
143

4"

methyl group occurs fer Me

prepared using SnBr Exchange of one CF, group for one
an, MeBSnCE‘3 4Pb, but product
vields are low. Metal-metal bond cleavage with formatimn of
MEBSnCF3 occurs with WeGSnz,

place with MEGSiZ or the hexaphenvl derivatives PhGM2 {*M=Ge,Sn,
Pb).qu

The thermolvysis of Meqsi in a nulsed stirred-flow system takes

3
and e

but no analogous reaction takes

place by different mechanisms abpve and below 950K. At higher
temneratures, decomposition occurs via a non-chain process with
homolvtic Si—-C bond fission as the rate-determining step
(D(MEBSi—Me) = 355 + 6 kJ mole_l). In contrast, the ?igetic data
at lower Lemperatures indicate a short chain sequence. The
pvrolysis of dialiyldiorganosilanes at ca. 700°C provides a

simnle cne-step synthesis of silacvelobutenes, possibly via a

retroene~type mechanism: 46

CHfCH_TV E(I:HZ ————  C.H, + [CH2=——C}ICH=SiR2]
C

: #
CH, DiR

2

Cyclic and acyclic alkenvl derivatives of tin continue co
arovoke interest. The type of product cbtained from the
reaction of diarganodialkynvistannanes and kriorgancoboranes
derends upon the organic subsituents on each. Reaction of
Mezsn{CECR'}z (R'=t—-Bu, SiMe3) with BMe3 or BEt3 affords the
l-stannacycle pentadienes (46}, which are also chtained by

stepwise synthesis:lq?
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Mezsn(CECR'] MezﬂrSn—CECHe + BEt3
. hexane/?ooc
o Me\\ Et
BR3 hexane/80°C /C___C
MEZSQ BEt2
Br
R(. ﬁ
/C‘-‘C /
Mezsn I Li-CECtBu
~
N
R BR?

tith less bulky organic substituents on the alkynyl groups, six-—
membered l-stanna-4-boracvclohexadienes (47} or 2,S5~bis{dialkyl-
borvl)—l-stannacvclopent—3-enes (48} are produced depending upon

the ratio of starting compounds, R and R', and the solvent.148

R Me
\c—c/
e
R,'Sn(CiCMe), + BR, hexane .. p-g >SnR‘2
>C=C\
R=Et, Pr; R'=Me,ELt R Me
T
R.B M
2 -"“‘x,__c/ € R
R'Sn(C=CMe) ., + BR, DEXane_  g: g~ T~
2 3 2 N i
c—C._
/// \ Me
R,R*=Me,Et R,B Me
(48)

The reacticn of Et,B with Me,Sn-C=CR compounds produces high

yields of substituted allenes:l49
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- +
Me_Sn—~C=C-R + Et_.B ——Em [Et3B—-CEC*-R SnMe3]

3’ 3
Et.B Et \
E SnM
2 \\“C C/// tza‘x\ //, nte 4
™ Me,SnCCR C==
Me._Sn—C CR J— o~ \
3 ] ] Et
R SnMe3
Me,5n
3 \\‘ L ,,/
C == BEt
R/ \\C
|
SnMe3

hdditicon of MeBSnH to 1,4-pentadivne yvields both mono-{49%9)anad di-

{(50) addition preducts., but with R,SnH, (R=ite,Bu} the cyclostanna-~

\ /Snb-le3 m

hexadienes {51} are cobtained.

MeBSn\\ //H ﬁeBSn\\ //H H
c=c\ /c=c\ / Sn
H‘/ CH,-C=CH H g~ NRr
(49) (50) (51)

Alkvllithium reagents cleave the endocyclic Sn—C bonds of {51)

yielding lithium reaqents of the type (52},°°C but with lithium

amides {53} is produced.l51
5np 73
nBu 4 1 x
2 1 b L1
\\ / \} ~ on
/ \ H \H / \
Bu Bu
(52) (53)

The preparation of trans-1,2-dilithiocethylene by the action of
2 moles of BulLi on trans-1,2-(tributylstannyl)ethylene is not
possible since only one Bu35n is cleaved. Such reagents can,
however, be obtained by a stepwise procedure, €.9. the successive
treatment of trans-Bu,SnCH=CHSnBu, with molar eqguivalents of Buli,

Me,S5iCl, BuLi and acetone produces trans—Me3SiCH=CHCM920H in 613%

3
yield.152
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The rate of acid cleavage of allyltin compounds decreases
markedly upon the introduction of vinvl substituents at tin.
Simultaneously, the entropy of activation increases, suggesting
a progressive decrease in solvation of the transition state. 1”3
Bulten has continued his studies of the chemistry of small-ring
monostannacycloalkanes. Halodemetallation {with Cl,., 8Br,, I,}
and transalkylation ({with He4_nSnCln, GeCl4, chlz) reactions
with 1,l-dimethvl-l-stannacyclonentane oroceed exclusively by
ring cleavacge, rather than by demethylation, indicating substantial
ring strain, producing unsvmmetrical compounds such as
Mezclsn(CHz)qanlnMeJ_n (n=1-3}, MechSn{CH2}4M {M=GelCl 4,
Reactions of the corresponding six— and seven—nembered ring

HgCl).

svstems with iodine likewise proceed bv preferential cleavage of

the endo-cyclic Sn-C bond, with an order of reactivity: (CH2)4Sn>
{CH2)55n>(CH2}GSn>SnHe. With tin and mercury halides, however,

the order of reactivity is: (CH2}4Sn>MeSn>(CH2}55n>(CH2)GSn.154

As with the corresponding f-sulnhides, the reaccions oOF
Ph3SnCH2CH2NMe2 with electrophilic reagents proceed in two

digtinct wavs: (L1} Sn-Ph bond cleavage {with HgClz, Br2 and IZ},

and {11} formation of Ph3SnK, CH2=CH2 and ENMez {vith p—MeCsﬂqsoz—Cl,
0—N0206H4S—Cl, HMeCOCLl angd Me~«I (E—X}), each elecctroohile reacting
nredominantly, if not exclusivelv, via one of these reactions.l55
Amido-methvl derivatives of silicon, germanium and tin such as

{M=51i,Ge,5n) and ClPh.,SnCH CONEt2 have been obtained

PhMCH, CONEL
3 2 2 2 1562

using the zinc reagent BrznCH,CONEt,. The reaction of the
2-metalla-1,3-dithicnes {54) with Fez{CO)g vield the tetracarbonyl-

iron complexes {25).157

Fe(CO), + Fe(CO)g

s\/s + 1=‘ez{ut:0)9 ————l— s\/s
) 3

4.2.5 Conpounds with Metal-Halogen Bonds

A method of preparing high purity SnBrg {levels of ¥g,Al,Fe,Cu,
Pb and Sb <10_4%) has been described.ls
sn at 200°C gives EtPrSnCl2 in high yield {85%).

Group exchange between
~ 159
ano =

n l4 and thPrz

The phase diagram of the kinary Sn—Cl system is very similar to the

Sn-Br and Sn-1 systems, showing the formation of only two compcounds,
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SnCl2 and SnClq.160 The reaction of Sin{q) and Sif{c) has been
studied by effusion mass spectroscopvy in the temperature range
1590-1782K, vield values of AHE(298) of -5.8(5}, -140.6{3) and

-259.3{5) kcal mol-l, respectively, for SifF{qg), SiF,(g) and

SiP3{q).161 First-order reaction kinetics have been observed for
the reactions of SiCla, Siqu and GeCl4 with a large excess of
oxyq‘En.l62

As in pravious years, there have heen many studies involving
complexes of (orqanolmetal {IV} halides. SiCl4 and Geclq, like
CClq, ahsorh heat when mixed with acrylcnitrile, and the resultant
mixtures have vaoour nressures in excess of those predicted from
Raoult’s law. With SnCl,, eryvstalline SnCl,.2CH,CHCN is cbtained.
The thermal dissociation of the adducts, $iF,.2Am {(Am=aniline,
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p-toluidine, p-anisidine, p-phenetidine, p-chloro— or p-bromcaniline)
into their components are first order with activation energies in
the range 17-19 kcals mo1” L, 164 SnCl, and HCl have been found to

react with 1l,l-diphenylpropene tc give a small equilibrium amount

of the diphenylethvlcarhonium ion (with SnClS_ as the qegenion).l65

lgF n.m.r. spectroscopy has been employed to study ligand
distribution in the Gerz_ - ;e(\C‘%)4 - MeCHN svsten. Mixed anions
such as GeFS(NCS)z_ and cis—- and trans-GeF,{NCS), ~ are observed,
but with a large excess of Ge(WCQ)d, ne;ther these soecies nor
GeFﬁz_ are present, and cis— and trans-GeF,{NCS) . " and cis-
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GePz{Ncslqzﬁ are formed instead. The anlsotropic =.p.C-

spectra detected in powdered samples of BaGePG, KQSnF6 and BanFG

at 30K under y-irradiation have been assigned to the hexafluoride

MF_ 27 anion radicals.l®’  vibrational anisotropy of the tin atom

3
in NiSnF6.6H20 has bheen studied by Mbssbauer spectroscopy.l68

1 13

The same technigue, alonag with “H and Fn.m.r. second moment

data, have demonstrated the occurrence of a phase transicion in
le9
[vn,) jcl snFg ac ca. 165k.
phase transitlions at 261 and 255K. At ropm temperature (280K)
the material has the cubic K PtCl6 structure, but is tetragonal at

2
265K and monoclinic at 190K. The structural changes involve

K2anlG is known to undergo two

mainly two successive rotations of the SnCl,. octahedra:s (i} an
alternating rotation about [100] in layers perpendicular to the
c axis, and (ii} an in-phase rotation around [110].1?0 Solid
chases such as Rb,SnF..4HOAc and {NH ) 58nFg.nHOAC {n=2,4} have

been isolated from solutions of the salts in acetic acid at 259%. 171
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Stahle 1:1 adducts, thought to be of the type IHMPA+SiMe3]+ x,
have been isolated from the interaction of HMPA with halogenosil-
anes, He39ix {X=Br,I). Conductometric studies show that the
equilibrium for the formation of these adducts in CH2C12 lies well
over to the adduct for X=Br or I, but for X=Cl the equilibrium
lies close to the reactants.l72 COrganosilicon isocyanates show
no evidence of Lewis acidity, but the isothiocvanates, RnSi(NCS)4_n
{Oc<n<3}) react with {4-n) molecules of Lewis hases giving adducts
of high stability. Enthalpy data for the formation of adducts
3SiNCS, -’-tezsi(NCS)2 and Si{NCS}4 in MeCN
sclution suggest that the sulphur atoms behave as the Lewis acid

of wvarious bases with Me

centres. Si(NCS)4 forms an adduct with five molecules of
nvridine-N-oxide; the first four molecules probably coordinating

te the Efour sulchur atoms and the fifth to the silicon.l73

Kr:ieqsma.rml.:I|r4 et al have estimated the strength of the intramolecular
interactions in Me3MF (M=C,S51i,Ge,Sn) compounds {from vibrationral
data) . Chemical shift and coupling constant data have been
reported for WeasnBr, Mezsn‘Hr2 and Wezsnlz in 29 different corganic
solvents. Strong donors {based on coupling constant data) were
found to he: DMSOADMFafcrmamide»pyridineaEtOHA2-picoline, whilst
moderate donors were: acetonearleCN>THEA2,4,b-trimethylpyridine>
1,4—dioxanemtoluidine)PhNOsztzo.175 The crystal structures of
several organctin comnlexes have been determined. Me3SnCl.HMPA

is a neutral complex with triqonal hipvramidal coordination, but

the corresponding bromide is an jionic compound with [Me35n{HMPA)2]+
and [HeBSnBrz}_ tons of the same geometry.176 The Sn-Cl bong
distances 1in the [Ph3SnCl£]_ anion are the same 2.58{1) and
2.60{1}R , but are different in the [Bu35nc12]_ anion 2.573(7)

ana 2.689(6)® .177 Ph,SnCl, forms 1:1 adducts with both
henzthiazole and 2.aminobenzthiazole, for which Mbssbauer

cquadrupcle splitting data suggest trigenal binpvramidal and

distorted octahedral geometries, respectively. The structure of
the former compound has been confirmed by an X-ray study. Both
phenyl groups occupy equatorial sites, with the remaining equatorial

site and one axial site occupied by the two chlorines {see Figure

10).178 The complexes, MenSnxq_n-ZHMPA {n=0-2; X=Cl,Br) are all
octahedral and centrosymmetric with trans donor molecules (and

179,180

methvl groups).- The structure of Me SnBr2.2DMSO is similar,

z 180,181

but in Me,SnCl,-2DMF the DMF molecules are mutually cis.

In Me5nCl,.2DMF, the donor groups are again cis, and the methyl

3
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Figure 10. The structure of Ph25nC12-benzthiazole
{reproduced from ref. 178).

group is randomlv averaged. MeSnBr3-2DMF has a trigonal bipyra-
midallv coordinated tin.132 The adduccts, RSnC13-pyz {R=Me.,Bu,
Oct,Ph; pvz=pyrazine}, are polvmeric compounds in which the
ligand acts as a bridging bis-mcnodentate group to adjacent six-

coordinated tin atoms. The three chleorine atoms were deduced

183

to be in meridional positions. The complexes (56) have been

synthesised by the reaction of Mezsn(YchEtz)2 {¥Y=5,5e) compounds
- . . .+ =
with o,w—~dibromoalkanes. The complexes react with Li TCMQ" to

afford the corresponding TCNC1™ salts.184

5 4
4
(CH.} \C=NEt Me.SnBr.
272 2 2 3
“\\Y
{56)

Organctin{IV) chlorides of coordination number greater than four
throuvgh intermolecular coordination of a donor function remote in
the organic ligand have received considerable attention. -
carbonylethvltin chlorides are obtained in high yields by the
reaction of a carbonvl-activated alkene, HCl, and either tin(Ir}
chloride or metallic tin. When SnCl, is employed, the five-

Z
coordinate monoalkyltin trichlorides (57} are produced, but the
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major nroducts starting from tin metal are the corresponding

dialkyltin Qichlerides {§§).185
1
; o)
\C/'Jl c1 2}1
3
2 / _.c1 el I R
R_“““-/C——Sn" 3 \\in/ \C—Rl
g l ey >C</T "\O//
cl g c=0
{57} (58}

Although the synthetic procedure is exceedinglv simple, the
machanisms by which the products are formed are not totally clear.
The initial suggestion that the reactions proceed via the formation

0f chlorostannane intermediates such as HAnCl vwhich has been

+
reparted to be formed as an etherate when HClBis nassed through a
suspension cf SnCl2 in ether; and their subseguent additian to
the alkene appear t6 have no foundation. Rather, the composltion
of the pale vellow oily phase which separates out in the SnClz—
HCl-gther svstem has since heen shown to be principally the
tetrachlarostannate (ITI) species, stncl4.2Et20, with only small
amounts of HSnClj.EtQO.lBﬁ A similar wviscous yellow oily phase
of composition stnqu.3Et20 {59} is obtained in the corresponding

SnBr,~HBr-£t,0 system. By the addition of pyridine {py¥} or

2
aniline {an} to (59), other adducts such as HSnBr

.2an, HSnBrB.pr,
187

3
The protons in

stnqu.zan and stnﬁrq.pr may be precduced.
these species are highly acidic, and the preferred mechanism for
the formation of (57) has been rationalised in terms of a 1,4-
addition involving initial protonation of the carbonyl oxygen atom
af the carbonyl-stabilised alkene:

+ + +
Ne=e0=0 —H= |[SeLe¥coon H“C—c:cf—OH
b <1 < 1

27gncl ,; —c17)

$+ Sncl3 {or + 4¢

{
Sn—-C-C=C-0"
3 [ 71

C13Sn-?—CH—C=O ~— Cl
It is also unlikely that the reactions involving tin metal proceed
2SnCl2
metal and HCl in ether yields the identical stnCl

or BESnCl. Since the reaction of tin
. 2Et

via such species as H

O phase

4 2
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as does 5nC12 under the same conditions, and in addition tin metal
promotes the diswroportionation of monoorganotin trichlorides to
the corresponding diorqganotin dichlorides, it would appear that
the reaction with tin metal follows a similar course to that for
SnCl2

trichleride initially produced.

alone, with a subsequent dismroportionmation of the organotin
186
Triorganotin halides with an intramolecularly coordinated
amino-substituted arvl groun are ohtained by the reaction of
diorcanotin dihalides with aryl-lithium, aryl~cooper, or aryl-
acld lithium intermediates. This method has been employed to
svnthesise the chiral triorganotin bromide (60}, whoselggsolute

configquration was determined bv X-rav crvstallography, and alsc
the ionic hromides (El).lag The dimethyltin compound (61;R=Me)
is completely dissociated in water. N.m.r. data show that the
cation has the trigonal bipvramidal geometry in which the nitrogen
atoms occupv axial sites. Dyvnamic n.m.r. spectra of the corres-
oonding methyl-phenvltin compound show that above -90°C rate-
derermining Sn-N bond dissociation occurs, and that above 5°¢

a second process invelving rate-determining rotation of the
substituted aryl group arcund the (Nz}C—Sn hond begins.l89 Hewvr
chiral nalogen-tin derivatives, methylnropylflucorenyltin and
propylohenvlfluorenvltin chleorides and iodides, have been

swvnthesised bv Leauan et al., and have the lowest rate of

intermolecular exchanqe vet ohserved for organotin halides.lgo
‘;e\
“CH-NMe B NMe, | T

) 2 2

,/,Me l
sSnT SnR2 Br

| S !

Br Nﬂez

({60} {61}

4.2.56 Oxides

The major areas of interest here concern investigations of the
neat and modified metal(lV) oxides themselves, principally
adsorption and chemisorption studies, and the natural and

synthetic silicate and germanate minerals.
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"
l[ electronic

An ab initio SCF calculation has predicted a g
N g1

around state and Dmh symmetry for molecular SiOz, which may
be matrix—isolated bv condensing evaporated Si0 and atomic
oxygen generated by microwave excitation. Force constant data
for matrix isolated SiO and 5i0, are very similar, indicating no
Further increase in bond order in the two-atom species {cf. CO
and COZ}.192 The rutile modification of GeO, has been obtained
hbv using the chemical transport methed with chlorine as the
transhorting agent and deposition temperatures lower than 9500°.
The colour of the columnar crystals varied from yellow to amber.l93

Chemisorntion on to silica from the gas phase has been studied
for some time, and present investigations in this area are largely
concerned with silica-supported metal catalyst systems, but their
large volume precludes coverage here. Of interest, however, is
a comparative study of nitrogen {at 78K} and water vapour {at 273-
298K} adsorption isotherms with precinitated silica, a flame
hyvdraolvsed product (cabosil), and with cabosil the surface of
which had heen modified by treatment with Me3SiC1 to give a
surface covered with hydrophobic Si-0Siie, groups. For
relatively mild outgassing conditions {e.g. 373-423K}, cabosll
and precipitated silica gave water isotherms of BET type II, and
isosteric enthalpies of adsorption were consistent with a physi-
sorption mechanism with hvdrogen-bonding to surface hydroxyl
Qrouns. Following the comnlektion aof an isotherm, evacuation at
298K invariably left some residual water on the sample. Most of
the hvdrogen-bonded hydroxyl qrouns are removed from silica by
evacuation at 773K, vhilst most of the free hydroxyl groups are
removad from cabosil at 1173K. The water isotherm on a cabosil
sample 50 treated was of BET tvpe ITII, typical of a hydrophobic
surface. The trimethylsilyl-modified cabosil obtained by
soaking were of BET type II, but samples modified by refluxing
were qenerallv of tvpe TIV. The hydrogen-bonded hydroxyl groups
of these samples were progressively removed at temperatures in
excess aof 400K, but the [WeBSiO] groups are conly appreciably
affected at 973K. Complete dehvdroxylation is achieved at
1073k, 191

Novel are studies of chemisorption on to silica from solution.
Two main tvpes of surface-adsorbate interaction can be identified

1895 196

from heptane solutions of aniscles and phenols involving

the formation of hydrogen-honds between silanol groups and the
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aromatic w~electron svstems and the oxygen atoms in the adsorbate

(62-64). Electron-withdrawing substituents weaken both types of
Me
Me I
X i O
O
X Me X
N\
O™~pMe L X
/H’ H’ H’ : H,‘
/ /
j g ; o’ S
Si Si Si Si éi
I\ 7 I\ 71\ 1N 1IN
(62, (63) (64) (65)
interaction. In addition, hydrogen—bonds may also be formed with

suitable functional substituents on the aromatic ring, e.g. nitrec
groups {(§5). Similarly, hvdrogen-hond formaticn takes place

between surface silanol groups and meone~ and diketones from CCl4
. 197

solution.

3- component liquid systems of these types can yvield the relative

rnroportions of adsorntion.l98

Analvsis of infrared absorbance data for 2—- and

The catalytic activity of tin{IV) oxide and metal-‘doped’ tin{IV)
axide has stimulated a large numbher ©of investigations into the
chemisorntion and other nrocerties of these materials. Tin {(IV)
oxide differs from silica by rossessing a high Lewis acidity and
a high oxidising camacitv, but a low Br¥nsted acidity. This,
however, is increased in mixed oxide svstems such as Sn02.Sb203
and SnO2
composition Sn,__Sb 0, {»x=0.01-0.10) form solid solutions after
calcination at 873K in which the Mdssbauver paramebters steadily

-MeQ 4. MBsshauer studies of tin-antimony oxides of

depart from those of Sn02 itself, but provide no evidence for
the formation oF localised Sn(II) sites. E.s.Tr. measurements
alsa indicate the presence of a spin-free surface. At compositicns

199 Water isotherms

above ®=0.1l0, a two nhase svstem is formed.
on neat SnO2 exhikhit a discontinuity due to physisorption of water

molecules with surface hydroxyl groups, prokably on the [1001

crystal plane. The discontinuity can be removed by pretreatment
in vacuo ar by hydrogen, but was restored by treatment with
Oxyqen‘zoo,zol The influence of SO, on the chlorination of Sno,

has been studied. Chemisorption of SO, on SnO, starts at 400°C
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and of Clz at 650°C. Bv 7000C, the surface coverage of SO2
corresponds to that of a monolayer. No chemisorption of oxygen
on to npure SnO2 was observed, but in the presence of sorbed 502,
irreversible adsorption of oxwvgen takes place above 500°C and 803
aprears in the gas phase. At the same temperature, chlorine
adsorntion onto the SOz—treated surface is facilitated, zand both
SnCl4 and 503 202

Both Sn0, and transition metal-'doped’ Sn0, catalyse the Co-o0,
ane CO-NO reactions, imnortant in vehicle exhaust emission control,

are desorbhead.

and much effort has been invested in the elucidation of the
surface species present and the mechanisms involved. Surface
unidentate carhonate and bicarbonate are formed slowly when SnO2
is exnosed to CO«»O2 mixtures, essentially independent oF the gas
mixture compositcion in the range 10-70% CO, but pretreatment at
723K affords a hidentate carbonate. Hydration of the surface
severely inhibits adsormtion, as does ammonia pretreatment, which
with CO2 leads to the formation of a surface carbamate.203
Adsorption of NO on reduced SnO2 causes replacement ©f oxide
Aeficiencies in the surface laver with the formation ©f N2 and
Nzo, even at room temneraturi; On oxidised SnOz, the NO radical
is first cocrdinated to a Sn site, and then reacts with further
NO to aive surface (NO)2 dimer species.zo4 SnOz—Catalysis of the
CO-NC reaction starts below 200°C, but complete conversion is

only achieved at temperatures in excess of BOOOC. Very lardge
increasess in the rate and amount of adsorbed NO are cobtained by

adding 1% Cr203 to Snd and comnlete conversion in the CO-NO

2'
reaction occurs at temperatures of 150-220%C. C0O, however, soon
poisons oxide surfaces towards the CO-NO reaction but, rather

surprisinaly, such noisoned surfaces are still highly active for

205 Catalyvsis of the CO-NO

the CO-0, reaction catalysed by Sno,.
2 ion—exchancged with Cr{IIT), ¥Mn{II}, Fe(III},

Co{TI} and Cu(IT} has been studied by adsorption of CQ and NO

reaction hy 5Sno

individuallv, and CO-NQ mixtures. Adscorption of CO takes place
via carbon at a surface transition metal cation for all except
the Cul(Il)-exchanged oxide, to which CO bonds via oxygen.
Surface carbonate species also bonded to transition metal sites
were also observed, which could be sither uni- or bidentate
depending on the metal. The nature of the surface species
resulting from NO adscrption varies significantly with kthe

transition metal. The presence of a carbonate species and, in
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most cases, vnhysisorbed CO2 is consistent with a redox mechanism
for the CO-NC catalysis. Interestingly, however, the mechanism
for the Co{II}-exchanged oxide awmpears to be different from the
others. This catalvst preferentiallv adsorbs CO from CO-NO
mixtures, and selectively reduces N0 to N2' Others, notably the
Co(II), Hi{II) and Fe{III)-exchanged oxides, adsorb WO from the

206

gas mixture, and selectivelv reduce NO to Nzo. The mechanism

of the CO-NO reaction on Sn0,-Cr,0, has been proposed to involve

3
dissociative chemiscrpiion of MO to give surface nitrogen sites.
These could then react with further NO to give surface ]ﬂN-N—D

{desorbhs as N,0} or CO to gqive surface isoccyanate groups ]—N—C—O

205

{which react with further NO giving N2 and COZ). The rmechanism

of formation of surface isocyanate on SnOE.O.SSCuO has been

lJC, 15N and 18O isctopic sub:stitution.

intensivelv studied using

The results ofF this study, however, show uneguivocally that the

oxyqen atom of the surface isccyanate originates from NO rather

than the oxide surface or CO, indicating a mechanism involving

initial dissociative chemisorntion of C0O, formation of an inter—

mediate fulminate, j—C-N—O, which rearranges to give the isocyanate_zo7
Br¥nsted acidic oxides such as SnOz.MOO3 and 5n02.5b205 are

catalvsts for alkene oxidation and isomerisation, and alcchol

dehvdrogenation. Flectronicallv-excited singlet melecular oxygen,

which could play an important role in hydrocarbon oxidation

reactions, can he thermally generated and desorbed from a

Li-5n-P-0 catalyst_208 Oxidation of propene to acetone over

Sn02.1003 proceeds via oxidation of strongly surface-bound propene

bv lattice oxyqgen to give surface isopropoxide groups, which then

209,210

under«go oxidative dehvdrogenation. The catalvtic oxidation

of ischutene to methacrolein over mixed Sn-Sb-0 catnlysts is very
similar,211 whilst methacrvlconitrile is formed by passage of a
mixture of isobutene-ammonia—-air-water vapour over a Sn-Sh-Fe-0O
catalwvst. Acceptable yields (70% at 425°C) of nitrile are

observed only with hvdrocarbon—-poor {33} and steam-rich{20%) mixtures,
and excess of ammonia. Methacrolein is the main preoduct at low
conversions.zlz The isomerisation cof alkenes over room-temperature-
outaassed Sn02.5b203 nrobably proceeds via a carbonium ion-type of
mechanism with Brdnsted acid sites as the source af protons. The
rates of reaction increase with increasing antimony content to a
maximum at ca.50 atom % Sbh, and decline thereafter. Oxides

cutgassed at higher temperatures were only active at compositions
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with less than 50 atem % Sb, and could be poisoned by treatment

with bases or sodium acetate.213'214

The Mg2+ and Fe2+ cations in annealed, synthetic samples of

olivines, MgzﬂKFexSiO4, are not randomly distributed. When

0.1sx£0.6, the larger Fe2+ cations preferentially replace Mgz+

cations in octahedral sites, and the lattice dimensions do not
change in this range. Ouenching tends to yield samples with more

randamly distributed cations, and the lattice dimensions now

annrcach those of natural olivines.zl5 Several other monosili-

cates have heen studied. Single crystals of Cde4[5104]3O have

been obtained from mclten alkali metal fluoride melts, and contain

216

columns of | Si0 tetrahadra. Sodium titanium silicate,
4

Na,TiO contains layers of [8104] tetrahedra and [TiOS] square

nviamigs joined by sharing corners and sewvarated by layers of
sodium ions.217 Tribarium silicate, BaBOSioq, is isostructural
with C53C1C0C14, with slightlv distorted SiO4 tetrahedra.218
The structures of tha thorium silicate polymorphs, huttonite and
thorite, have been reinvestigated. Huttonite has been confirmed
to he isostructural with monazite, consisting of [8104] MCnomers
and a compact arrangement of edge-sharing LThOQ] polyhedra.
Thorite is isostructural with zircon, consisting of [sio ] tetra-
hedra and a relativelv opben arrangement of edge-sharing fThOB]

219 An electron microprobe analvsis of crystals of

nolvhedra.

Malavaite, CaSnORiO a rare tin silicate found in skarns and

4
high-temperature hydrothermal veins gave the composition as
CaO’QBSnO.qulo.OSO 511'0204. The structure consisted of chains
of vertex-sharing tin octahedra cross—-linked by isclated silicate
tetrahedra. Calcium cccupies a large irreqular polyhedron.zzo
The composition of sklodowskite, generally given as Mg0—2U03—25i02—
6H20, actually contains seven molecules of watexr thus making it
isostructural with cuprosklodowskite.zzl The fundamental

structural units in both sklodowskite and kasolite, Pb{UOz){Sioq}.Hzo
are [(UG,),(5i0,),]%" sheets. 221222 7pa nalogen apatites,

& i ] = b =51
14La6{K04)622, and oxvapatites, nqLaB{xoq)Goz {M=Sr ,Pb,Ba; X=S5i,
Ge; 2=F,Cl) have been prepared from MjLaS(xo4}6' The products
‘lh‘ n E:)
.!3Laﬁ(}(04)6 andg MqLaﬁ
nhases. Their respective apatite phase is a solid sclution

{KO4)60“ are actually mixtures of various

between MzLas{x04)602 and the defect apatite M,La (XO4)60 ; whose

compositions mostly approximate to MzLaB{xoq)Eoz. 23
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The high temperature reactions between samarium metal and the
Group 4 metal(VV}) oxides, MO, (¥=Si,Ge,Sn}, have been investigated
by T.G.A., X.R.D. and infrared. With 5102, initial oxidation of
samarium to A-Sm,0, takes place at ca. 500°C, with 5m,{5i0,) 4 being
formed at temperatures 800°C. Reaction with Sn0, at ca. so0°c
vields Qm?Snzo , which has the pyrochlore structure, and @-tin.
Germanium metal and Sm,;0, are the chief products of reaction with
Ge02.224 Coprecipitation from chromium silicate solutions with
sodium sulphide or thiosulphate yields an amorphous silicate which
is stable uwp to 3000c, but which abcve this temperature decomposes
to Cr203, SiO2 and Na2Cr04.
results in the formation of NaCrS5i,0., stable up to 1050%°¢.

Further heating at and above 800°C
225

The synthetic orthopyroxenes, (qu TTGCOO 22419103 and {Mgo.925

Ino 07519103, show partial cation ordering over the two non-

eauivalent cctahedral sites in the structure. The preference
for the ¥M(2) site follows the order Mn Ceo Mg.226

synthetic L12Cu,(812
three kinds of Cu * coordination polyhedra, and trigonal bipyramid-
227

Crystals of
04) 5, contain pyrosilicate [Sl 07] groups,

. o
ally-coordinated Li ions.

Modifying influences on the general structure of the feldspars,

SriGa 91 08’ BaGa qu 8 and BaGaZCezoa, arise from the size of the
metal cations, the mean S5i-C and Ge-0 bond lengths and the
tetrahedral cation combination.228 Sodium metagermanate,
\azreo is isostructural with Ha,5i0,. The bridging Ge-0 bond

distance of the [Ge 6]4_ anion is 0.088R% larger than the terminal
Ge-Q distance. The crvstalline hydrated basic strontium
digermanate Sr3(0H)2 Ge,0,(0H}, .2H,0 has been synthesised by
cooling solutions containing SroO, Geo, and 1-2N NaOH. X.R.D.

and infrared studies of the thermal decomposition show the loss

of two molecules of water at 250°C. At 312°C the inner-sphere
hydroxyl groups of the didermanate decomposes with the formation
of %-5rGe0,.23°
Ca3chsl3012, Ca35c2G93012 and Cd35c2Ge3012.
That of KzBa[Ge 09]2 is closely related to K,Ge, 04 and BaGeqog,
and consists of rings built up from [Geo ] tetrahedra, which are

The structures of the scandium garnets,

have been refined.231

linked bv [FeO ] octahedra forming a three-dimensional network.

Powder X.R.D. shows that the corresponding sodium and rubidium
compounds, and HZSr[Ge4OB] {M=ta,K), are isostructural.232 A new
series of sodium ion conductors of the type N35M5l4012 (M=Fe, In,Sc,
¥, and the rare earths Lu-Sm} have been prepared by hydrothermal
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solid-state reactions. The sodium ion conductivities are propor-—

+ . — -
tional to th= size of the MB cation, and range from 2x10 3 { cm}

for M=S5c to 3x10_l( cm}_l for *=sm at 2300°C. The behavicur is
consistent with a structure consisting of [5112036] rings stacked

to form columns held apart hy [n‘lO6 octahedra. Immobile sodium

ions are situated within the rings and mobile scdium ions between

the columns. The size o0f the channels is dictated by the size

of the |:O Ootahedra.233
6

an analysis of experimentally determingd 51i-0-S5i geometries of a
number of silicates has demronstrated that the determining factors

are very often the almost constant $i-O(bonded} and Si...Si (non-
honded} distances.zjd Samnles of the layered orthosilicate,
chloritoid {idealised formula {Mq,?e}ghl(A13SizolO)(OH)4} from
three distinct geological sources, in both naturally-occurring

and heat-treated forms, have heen examined by 8ssbauer spectro-

. . . 2+
SCcony. Onlv one tvpe of site of 0h symmetrv is occupied by Fe

3+
ions are present to such a small extent as to

ions, The Fe
nreclude an evaluation of their mpmreferred siting. The Rhode
Island sample displaved an anomalous Fe2+ doublet arising from
minute intergrowths of ilmenite (FeTiOB).‘?B5 Zeolites, including
variants of retite, zeolite A, zeolite L, Zeolite ¥, faujasite and
gismond;;él, have been obtained Efrom the NaQOHBaO-A1203—Si02—H20
svstem.

The trimethylsilvlation technigue has been employed to follow
changes in the constitution of hemimorphite, an(OH)2(51207}.H20,
on heating at various temperatures up to 1300°C. The changes
wera also followed bv T.G.A., D.T.A. and X.R.D. An abrupt
change in the chromatogranhic pattern occurs at 600-630°C
corresponding to the disavoearance of the [Sizoj] and emergence
wf the [Si04] derivatives as the main product of the trimethyl-
silvlation, coinciding with the loss of hydroxyl groups and
formation of S—Zn25i04. The initial stage of the reackion at
627°C shows first-order kinetics. At 835°C, the transformation

237

of 2-2n,5i0, into cl—Zn25iO4 commences. The application of the

same method to dioptase, Cussisola.ano, vields SiGOlB{SiMGB}IQ

and 51601?(Siﬂe3}10 as the main oroducts. Three isomers of each

nroduct are observed. When HCl is added to the reaction mixture,
the predominant product is Sisol?(SiM93)lo' indicating that the
[Sieols]lz_ ion is converted mainly into the [Si 0,119 ion in an

6 17.
acidic aqgueous medium.238 Silicate minerals alsoc react similarly
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with MeBGeCl in the presence of water to afford analeogous
239 . . 4
The reaction of the [Slwlzoqo]
anion with an excess of hvdroxyl ion at an ionic strength of 1.0 m

dm—3 to form the [Siod]qﬂ and [qu]z_ anions has been studied.

trimethvlgermyl derivatives.

The reaction proceeds in three distinct stages, with the [Siwlloag]ah
andl [qiN 0 ]lO—
’ 9734-

first stage proceeds via a hase~-dependent path, the second-orxder

anions being formed as intermediates. The

rate constant decreasing in the order khH vatrnit. The second
stage, the hydrolwsis of the (Siwllo39]8_ anion, proceeds via

both hase-dependent and —independent pathways to give silicate and
tungstate anions directly in this medium. The third stage, the
hvdrolvsis of the [SiW9034]lO~ anion, shows a very large dependence
on the choice of cation, and studies in mixed~cation media suggecst
the formation of larger ion agqreqates.24o Meso-tetraphenylpor-
phvrin reacts with selected cations in the interlamellar surfaces
of montmorillonite, a swelling laver lattice silicate related to
mica. Strongly acidic hydrated Fe3+ and U02+ cations react
gquantitatively with the free-base porphvrin to give the protonated
porrhyrin dication in the form of intercalated monolayers.
Monolavers of the porphyrin dication are also formed by reaction
of the hydronium ions on the silicate surfaces, but weakly acidic

+ . .
? ions on surface-—-exchanged sites afford only

02+' Cu2+ 2+

give mainly the metallenorphvrin in solutien and a hydronium-—
241

+
hydrated Na and Mg

traces of the dication. C and Zn cations react to

exchanged form of the silicate.

4.2.7 dolecular Combounds with Metal-Oxygen Bonds

Valence shell orhital energy level data for Me
{R=Ye,Et), R

s5nlie, R.Snacac

3 3

2SnCl2 {R=3e,Bu}, R2=Sn(acac}2 {R=)Me,Bu} and

Sn{tfac)2 have been evaluated from He(I) photecelectren spectra.242

..192

The silicon atom in thsi(OH)2 is four-coordinatec, but each

oxygen maintains two hydrogen—-bonds forming an infinite network

2413

ahout and along the ¢ axis. The ionic hydroxy—-silicon species,

[Si(OH)z(bipy)Z]Iz.szo, is formed by the partial hydrolysis of
Sil, {biny),- The wellow crystalline material, which decomposes
at 120°C, contains cis-octahedral [Si(OHz}(bipy)2]2+ cations with

C, symmetry and exceptionally short Si-0 bonds (1.643(4)R). Cach

vater molecule hvdrates exclusively one of the two hydroxyl ligands
hy hyﬂroqen—bonds.244 PhBSnOH and Ph3

isostructural, comprising zig-zag chains parallel to the ¢ axis in

PROH are isomorphous and
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which wlanar Ph3H fragments are joined by hydroxyl groups. In each
. 245

compound the metal-oxygen distances are unequal.
The crvstal structures of {Ph3si)20246 and (Ph35n}20

determined. Both contain isolated molecules, however the former

247 have been

comnound is exactly (erystallographic symmetry} linear at oxygen,
whereas the tin analogue is bent (SnOSn 137.0(1)°). Microwave
data for CH3OSiF3 and CD3051F3 are consistent with a very short
{cnly 1.56¢(1)}8) Si-0 bond distance and an angle of 132¢(1.5)° at
Oxygen.zaa The antisymmetric §i—-0-8i stretching mode of

{Cl3 is
doublet, the highest separation {1117 and 1147 cm ~) being

observed in solid nitrogen. These data have been interpreted in

51320 in argon,krypton and nitrogen matrices is split into a

terms of a quasi~linear structure for the compound, but with a

sufficiently high barrier teo linearity that the molecule cheys
C,, Symmetry selection rules for the fluid phases.zqg Some

nineteen products have been identified from the photolysis of
(MeB
The main event in the photolysis is the rupture of a 5i-C bond.

Si}zo at 15°C with a low-pressure mercury arc (eff.} =185nm).

No S5i-0 hend fission is observed at all. The major products are
. . 2 . .

(""[9351051?‘192)2, CH, and C,Hg. so The reaction of (HO)PhMesi 50

with SiCl4 produces racemic trans, trans—-2,4,8,l0-tetramethyl—-2,4,

§,10-tetraphenvlspiro 5.5 pentasiloxane{66), whose structure has

been studied by X-ray diffraction. The two trisiloxane rings are
almost mutually perpendicular (dihedral angle 80.7%), and the
averaqe S$i0S5i bond angle is 132.70.251 The thermal decomposition
cof CuOSiMe3 4 @t 70-80°C and 10_3 torr proceeds by loss of
Me HMe
Ph“sli o) o s!i/Ph
O/ \\S/ \O
i
Ny o So e
- Si
on” | | Npn
Me Me
{66}
N R s .
(1e351}20 to afford Culaoz[OSlMe3]14. This compound possesses a

structure comprising large srherical molecules with an inner core

consisting cof the copwmer and oxygen atoms and the Me3SiO groups

252

distributed over its surface. The reacticn of SnCl4 ang

K[Al(Oi—Pr}q] yields Sn[Al(Oi—Pr}4]4, proposed to contain eight-
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253 Germanium and tin butenoxides such as

coordinated tin.
Ge(OCMech=CH2)4 and BunSn{OCM92CH=CH2}4_n{n=lﬂ3),254 and organotin
amidoximes, R3Sn0N=C(NH2}R‘ {R=Me,Bu,Ph; R':Me,Et,Pr,Ph),zss have
been prepared by standard methods. Allyl-alkoxytin derivatives

eliminate ketones on thermolysis:2

~CH

—CH=CH2

— . % R T
{XBuESn}ZO + {CHZ—CH CHE)RR coa—-xnuzsn o) 2

TRt ]

2]

73
1}  200°C/12hr.

KBuZSnCH2~CH=CH2+R COR

X=Cl,Bu {

The last reaction is often reversible, and tributylallyltin

chlaride adds to ketones and alkehydes to give organotin alkoxides
of the same type as {Ql}-zS? The structure of Ph,PbOC H,(F-2}N0-4
consists of infinite chains in which adjacent PhBPb groups are

bridged by the organic reaidue:258

) Fh

%h E
|
~N=0~~--Pb —O—Q‘N—"-—-—O————Pb o—@——w-————o———
£ k + \

ph Ph Ph Ph

The product from the transilylation of bis(trimethylsily)-acetamide

with (ClCH,)Me,SiCl has heen shown to actually be (68) rather than
259

(69) .

Me

///OEE?C,//ME OQQ&
Si— +,

// l Il\ll = a5 ME/
Me” Slje2cl
cl1 \\\///

(68)

Cﬁ—N(SiM62CH2Cl}2

(69)

The kinetics of the decomposition of the peroxy-derivatives,
260

RBEOOR' {E=51,Ge,Sn:; R:ﬁe,Et;R'zt—Bu,CMezPh) in alkenes, and of
the KCN-catalysed rearrangement of Ph3GeOOSiPh3261 have been
investigated. The peroxides, R3E00R', and alkenes initially

form l:1 complexes, which facilitate the peroxide decomposition

via a homalytic mechanism:
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RLEQOR' + X,C==CY¥, == [R3Eoga' .xzc—?cyz]

2 + R3EO-

R3EOCX2éY2 + R'O" R'OCY,CX
The base-assisted rearrangement of Ph3GeOOSiPh3 proceeds with the
formation of thtPhO)GeOSiPh3 in a fifitworder reaction with an
=otissnbion cnorqy of 12.5{8) kecal mol in a benzene PrOH mixture
{cf. 27.7 kcal mol~ ' for the thermal rearrangement in anisole).
Of the various sites available to the nucleophile, the germanium
atom is less stericallv hindered than silicon, and interaction of
the nucleophile leads to a distribution of electron density and
contributes to the migration of the organic group from germanium

to oxyqen via a transition state such as (19).261

ph Ph
~. ~

Ge.
- el

- ~

SiPh3

(70}

Ligand isotome exchange between Ge(acac)3 Clo, and Hacac qu
has heen studied in C2C14, MeNDz and MeCN at lOO—l2OUC. The
data indicate that the rate-controlling step of the exchange is
governed by the ease of proton—transfer bektween incoming and
leaving acac qroups in an intermediate.262 H.m.r. data for

methoxv(g—diketonato)tin dihalides indicate an octahedral conform—

ation with D,, skeletal svametry (71). Such dimers are very
stable in the solid, but undergo facile disproportionation in
solution.263 The oraanotin derivative of monothio-8-diketones,

R, Sn{R'CSCHCOR"), ., have been obtained by standard procedures.264

1 M Ccl
C Ile X
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A series of bis(substituted oxinato}tin dichleorides has been
265

nrepared hvy the cleavage of nhenyl groups from PhESnCl2 at 180°c.
266

Mdsshauer data for several organotin oxinates have been reported.
lH n.m.r. and infrared data show that the water molecule in the

complex Hezpb(tha).ﬂzo {gbha = (72)} is coordinated to the metal

O 0
(72)
thus making it seven-coordinated. Deprotonation—ionisation of
the comnlex takes place in M5S0 and HnPh.zG?
Mehrotra et 32.268 have svnthesised tin{IV) tetracarbaoxylates

{(73) by the reaction of tin{IV) tetrathioclates with acid anhydrides:

Sn(SR), + 4(R'CO),0 —®= Sn{0,CR'}, + HR'COSR

R=Ft,Bu; R'=Me,Et (73]

The mixed compounds, Sn(SR)n(OZCR‘}q_n, could not be obtained hy
any of the various methods tried, hut mixed chloride acetates,

SnCl_(OAch,
compounds in the correct pronortions. Higher homologues and

(n=1,7) were preoared by mixing the symmetrical
mixed carhoxvlates were chtalned hv transacvlaticn, e.g.:

Sn(OAcI4 + nRCOZH'—- Sn(OAc}d_nfOZCR]n + nHOAcC
n=1-4; R=C1CH2, C12CH, Pr,Ph

The reaction of Sn(OZCR)4 {R=ile,Et} with 8-diketones in refluxing
toluene or chloroform vields tin{IV)monoc-B-diketonate tricarboxyl-

ates and di-f-diketonate dicarboxylates as stable monomeric

compounds. The latter derivatives are the final products even
when the g-diketone is in excess, hut the carboxylate ligands are
269

easily replaced by thiobenzoate and thicacetate groups.

Several tvpes of oroduct are obtained from the reaction of
divinvldiallyltin and carboxylic acids, RCOZH(R=H,Me,CH2Cl,CHC12,
CClB,CFJ), in water-acetone medium at room temperature depending
on the nature of R. Trivinyltin carboxylate is the sole product

when R=H ar ™Me, but when R=CHZCI the two distannoxanes {74} and



i98

(75} are produced as well. Both distannoxanes (74} and {(75)are
obtained when R = CHC12 and CClB, but when R=CF3 only {(75) is found.
1
Rz‘?nOH st?(02CR)
///O\“x ///O\k\
{RCO,}R; SN ///SnRi(02CR) (RCOleéSn ’//SnRi(Och)
i o
RéSnOH *=yinyl RéSn(02CR)
(74) (75)

The trivinvlitin carboxylates appear to result from the dispropor—
tionation of the aporopriate distannoxanes, a process which was
established experimentally for R=CH,CI, and is favoured by protic
media such as water—acetone and methanol in comparison with aprotic
solvents such as MeCM and CHClJ.270 The structure of another
example of a distannoxane of type (75),{[Me,Sn(0,CCF;)],0},, has
been renorted, and is very similar to that determined previcusly
for {[Buzsn{OZCCCl3)]2O}2. The dimeric unit lies on a mirror
plane, with hoth carboxvlate groups functioning as bridging

ligands but in different ways. Both tin atoms have basiec trigonal

binvramidal coordination with one or two further neighbours.z?l

The structures of bis(trimethylcin)malonate272 and [MeZSn(02CCHzcl
have also been reported. Aqain the coordination at tin in each
is ktrigonal bipyramidal. In bis(trimethyltin)malonate, planar

trimethyvltin moieties are bridged by each oxygen atom of the
malonate residue forming a three-dimensional network, whilst
discrete dimeric units are present in [Mezsn(02CCH2Cl)]2. In
these, the two methyl groups and the Sn-Sn bond occupy equatorial
positions, with the carboxylate group bridging slightly asymmebri-
cally the two tin atoms via the axial sites. Missbauer spectro-—
scopy has also been emploved in the structural analysis of organo-
tin carboxylates. Data for several tributyltin carboxylates
taken at B0OK indicate pentacoordinated polymeric structures at
this temperature, but room temperature infrared data supported

the presence of tetracoordinated monomeric species.z-Ml The
MYssbhbauver spectrum of an aged sample of Ph3Sn02CC13 exhibited
peaks due to two species, the original monomeric complex and a
second with a guadrupcle splitting (+3.8 mm s_l) suggestive of a
polvmeric form. Whether monomeric or polymeric forms of such

triphenyltin carboxylates are cbhtained by reaction of PhBSnOH with

y1_273
- 2
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the acid depend on both the solvent and the reaction conditions.
Procedures involving non-polar solvents, e.g. ccl4 or benzene, and
those involving heating tend to cause Ph—Sn bond fission (to give
for example PhSn(O)Ozccla), but such bond rupture may be inhibited
by the use of a polar solvent at room temperature. Thus PhBSnOH
and Cl_CCOD

3 2
solwvate, Ph3Sn02cc13-Me0H, which on recrystallisation from Ccl4

3SnO2

carried out in absolute ethanol, a product is obtained which 1s

dried onlv with difficulty, and after 4 days at ca. 1072 torr

275 Analysis of

H in anhvdrous methanol at room temperature yield the

affords moncmeric Ph CC13. However, if the reaction is

white, powdery polymeric Ph3Sn02CCl3 is obtained.
the Zeeman hvperfine spectrum for diphenyltin glycylglycinate shows
that the gquadrupole splitting is of negative sign {(-2.235 mm s_l}
with an asymmetry parameter N of 0.805 (cf. values from a point
charge calculation @Q.S5. ~2.70,n = 0.84}. The electronic charge
is thus inferred to be concentrated in the equatorial (NSnth}

plane.276 M8ssbauer data for several polynuclear dithiccxalato-

conper (I}—-tin{IV) complexes have been reported.277
Organotin derivatives of L-cysteine, L-cysteine ethyl ester,

and DL-penicillamine have been synthesised by the reaction of the

diorganotin oxide, HCl and the aminc acid in alcohol-water. The
tin-sulphur bhonded structures (76),(77) and (78) were proposed for
the products.z78 Rov and Ghosh279 have investigated the

demetallation of triorganotin carboxylates by mercury(II) salts.
Products resulting from seauential demetallation and/or hydrolysis

are obhserved.

H
\’_o—rg
o @
O"‘*({:-——CH—CHZ—S —en_

6 T Sr

l ﬂ R = Me,Bu
"
~

Sn— 8. CH — CH—C
-~ 2 e
R { \ o

cl Hzf H

H——0~"
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EtO 0
N
c c1
HN——HC——CH;——§ ——Sn\\\
l T Me
Lle
“-\“_\
_=Sn— S~ CH,—CH—NH, (77}
Me [ l
ClL //,c\\
0/ QOEt
Bu 5 —CH &)
o ~cx ccﬁ; {78)
Bu/. \NH // \oEt
2

Tin(IV}! nitrate reacks with triohenvlphosphine and -arsine to
give the polvmeric products (79} with bridging phosphonate/arsonate
groups and uridentate nitrate as white amorphous solids:

SI‘1{I!\‘03)4 + EPh_ — = {thsoz}zsn(no3}2

3

E = P,As {19

Folvmeric {DSn(NO3)2} is obtained from the reaction of Sn{NOj;),
and nitric oxide both in CCl4 solution and in the gas phase.
Solvolyvsis occurs on dissolution of Sn(NOB)4 in carboxylic acids
and anhvdrides. With acetic acid or anhydride, Sn(OAc}4 is
formed, but the nitronium salt 2N02+{Sn(02CCF3)6}2_ and its
solvate 2N02+{Sn(02CCP3)6}2_-CF3C02H2§§5ult from dissolution in
(CF3CO)20 and CF3C02H, respectively. The structures of the
two complexes, PhZSn(Noa}z{Ph3P0}281 and thsn(N03}2(Ph3ASO}282
are similar. Both contain seven—coordinated tin, with bidentate
nitrate qroups and the Ph3EO0 ligand occupying equatorial sites
and the two phenyl groups in axial positions. However, the
arsenic compound differs from the analogous phosphine oxide
complex in several ways: (i} the nitrate ligands are essentially
symmetrical in the arsine, {ii} the CS5nC group is nearly linear
{178°) in the phosphine but bent {156°) in the arsine, and (iii)

the Sn-0{ligand) distance is substantially longer (2.158) in the
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phosphine compared to the arsine {2.038).
=

Extremely hydrolytically sensitive di- and trisulphinic esters of
silicon, Rnsi(OSR')4_n {n=1,2;: R=R'=Me,Ph; R=Ph,R’=p-tolyl)}, have
been svnthesised from RnSnClq_n and Agozsﬂ'.za3 The reactions of
tin compounds with SO2 have been investigated in detail over the
past years. However, contrary to a previous report, simultanecus
cleavage of the Sn~C and 5n-5Sn bonds occurs when MeGSn2 reacts
with liquid or dissoclved 50,. The structure of the product,

Me _Sn,. 250 vas proposed to be {80} from spectroscopic data.

67 2 2’

Decomposition to Me,SnS0O, and Me35n025Me occurred at 125-130°C.

Tin metal reacts with the mixed solvent DMSO—SO2 to yield

5n (DMSO) . (5,0.,) vhereas lead metal reacts to yield the metal

6 727
sulphate.zag

284

Me
Me Me ]

=3
S o™

L/ ST e
e Me © Me n

(80

Several types of Group 4 metal selenites have been prepared.
The derivatives, RBEOZSER' (E = $i,Ge,5n,Pb; R=Me,Ph; R!'=Me,Et,Ph},
are obtained by the reacktion of RBECl or R3EBr with the sodium or
silver salts of the selenic acid. The silicon and germanium
derivatives have an ester—-type structure, in which the metal is
linked to only one oxygen atom, The tin and lead compounds, on
the other hand, have polymeric structures in which the [OZSERq
ligand bridges triorgancmetal moieties, - a structure which was
confirmed crystallographically for Me3SnOZSeHe.286 The polymeric
diorganotin and -lead selenites, RzE(O§SeR')2 {R=Me,EL,Bu,Ph;

'*=Me,Et ,Ph} were cbtained similarly,2 7 but the monomeric
selenites, {RBSnO)zseO {R=Me,Bu,Ph) were synthesised by insertion
af Se02 intc the Sn-0 bonds of (R3Sn?20. The reaction of
Me ,SnOH with 5e0, yields (ggaSnO)ZSeO ar Me3SnOSe{O}OH depending
on the ratio of reactants. The formation constants of
trimethyllead complexes of 5032_, Se032_, 82032_, sCN HPO42_,

CO32", Cl~, Br and I have been determined in agueous soluticn.
The values are generally fairly small and the extent to which the

complex is formed is strongly dependent on the pH.289
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Trimethylsilylphosphinite, Me,SiOPMe,, has been synthesised from
and Mezp(O)H, and its chemical reactions investigated

Me  SiNMe
3 2290
Difluorcophosphonic acid reacts with SnC14 to

{Scheme ).

afford the phosphate-bridged, polymeric compound, SnC12(029F2)2.291

N—SiMe3
MezP
O—Si:‘ie3
(NEJSiOPMez)zNi(CO}z
Me3SiN3 ﬁ
M:‘.(CO)‘:l kSB Me3SiOPMe2

Me, SiOPMe

3 2 "#fwﬁﬂﬂﬁi##"

(o)
C,HgMo (COY , \;ic
i

e
cis~ (re,SiOPMe,) Mo (COY (Me3Si) 0 + Me,PPMe,

Z(CF3}2CO
CF3
o \ CF3
CE‘3
Me
"‘\.__\P O/ CF3
.-/’-‘.-‘
OSiMe3
Scheme 4

4,.2.8 Compounds with Bonds to Group V Elements

Several new heterocyclic compcounds containing S$i-N bonds have
been svnthesised using established procedures, principally by

Wannagat and his coworkers, and the major new structural frame-
293 (90,

works are nortrayed in structures (g;)—{ggfgz, {(87)-(89) ’
(91y2%4, (92)-(34)2%%, (95)-(10032%%, (101)%%7, (102}, (103)%7¢

(104) 277,

and
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R R* Me3ISJ_ Me R R* )
N\ /N—Ll_ & NeSi N\ /N-—ﬁS:..Mez
si \51/ \NME Si\
L \N-—Li ~ TN . n" o SiMe
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Me,Si
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|_ s SiMe, \\Si/ ™~
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N N - ..
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" 54 1 Me 3 ME
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(84) (85)
85 (B6)
R R
Me S1——N .‘-lezsi—N\ ]
GeCl Ge {CH,)
2 2'n
Me, 53 ——N Mezsi——s.\'l/ S
R R
(87) n=2,3
(88}
R R R
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| Ge cH | GeCl
'iezsi———-.\l I~I———"§i"le2 \13251———N
R R R
(89) (90)
" R R R
Ma_ Si——>N Iy 5iMe Ma.S5i—N
2 \\ / 2 2‘ \\ / \Sime
2
’1&251—-—N/ \N—-—-—';:L"lez \‘IeZSi—N/ \\ /
R R R
(91} (92)
R R R R’ R R
Me 5i—W N N N-——S5iMe Me,S5i—N N—D51iMe
2 N~ ~ e . / 2 2 \ / 2
Ge Si Ge r
Mezsi#—N/ Na” SNy \N-—Sis\Iez Mezsi—N/ \N —siMe,
R R R R R R
(23) (924)
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R R R
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s Ré /Sn
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The tetraazastannane {(105) crystallises at room temperature in
the monoclinic space group C2/c with four molecules per unit cell,
in which two of the cell edge distances are remarkably similar
(a—c=18.604 (10} ], b=8.993(5)°, 8=116.1(1)°).  The molecules in
this modification occupy a 2{C2} site, but their inherent symmetry
does not deviate much from 42m (Dzd)‘ Wwhen the temperature is
raised above 365K, this pseudoc—orthorhombic cell is transformed into
a truly orthorhombic cell, passing through an intermediate phase
between 341 and 365K (X-ray powder). The high temperature phase
belongs to the space group Pddd with eight molecules per cell and
a=20.47(2)}, b=9.657{7} and ¢=31.06{5}, the molecules attaining 222
{02) Ssite svmmetry. The phase change between the two modifications
only entails a change in the y-axis parameters, and hence the
molecules thus suffer a loss of symmetry by packing {42m-2), but
which is partially recovered when heated in the solid (2-»-222)-30O

The structures of two more tris[bis(trimethylsilyl)*‘amido] -metal

301 and neodymium3 compounds, have hbeen

derivacives, the thallium
determined. The former is isomorphous with the aluminium and iron
derivatives with a planar skeleton. In contrast, the neodymium
derivative is non-planar. Trimeric [LiN(SiMe3}2]3 has a planar

303 The X-ray patterns for the trimethyl-metal

Li3N3 central ring-
(51i,Ge and sn) derivatives of hydrazine can all be indexed as Face-
centred cubic. However, on cooling these “"plastic" phases, which
are stable over a wide temperature range (EE.2SO°C), undergo a
transformation, via another mesophase, to a low—temperature form
with a regular van der Waals packing of the molecules. The

3e4 A normal coordinate

305

intermediate mesophase is primitive cubic.
analysis of Me3HNMe2(M=Si,Ge,Sn) has been performed.

The first primary lead amine, t“Bu3PbNH2, has been prepared by
the reaction of t*BuSPbI with KNH, in liguid ammonia at w300.306

Bis{trimethylsilyl- and stannyl)amines react with CF3502N=S=0 to
form (106} :

CF3302N$S=O + {MeBM)NR — - CF3502N(MME3)2
{106}

M = 5Si; R' = Me, Sil"l(i‘3

M = Sn; R' = SnMe

3
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The stannyl derivative (106) is very reactive, and reacts with a

varietv of halogen cecmpeunds:

5
AN
Z(Me3Sn}2N502CF3 + SClz~—-— CFBSCEN NSOZCF3 + Me3SnCl
HeBSn Snﬁe3
}sc12
Me
I
5
g ka
CF3502? NSO,CF 5
He35n
(107)
\192
4 {Me_ 5n) NSO,CF CF_.S O_SCF
3 2 273 3 2\“// \\\N// 2 3
. Ve ~. +4Me35nC1
Mezsn SnM92
2Me,5iCl ™~ -
2 2 /N\ /N\ +28e  5n
CF._50 51 O_5CF 4
3772 2 3
Me
2
Cl
4(I~1835n)2N902CF3 + 23—\5Cl3——l— CF3502_\RN/A5 N/0250F3
\ v
Weasn SnMe3
—2Me3SnC1
quCF3
CF350; N $02CF 3 S0,CF 4
N_—AsS As—N ~Me S0 CF.,SO ! S0,CF
N . N RN N /
f N— AS As—N
SO,CF 4 ~n"
0CF3 Me,Sn SnMe,
SnMe2 Mez
5i
Me,SiCL, _ CF3$02N\\ NSO,CF,
Si
Me,

The structure of {107} was determined by X-ray crystallography and

contains trigonal bipyramidally coordinated tin 307 308
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The reactions of MeBSi—N=N"SiMe3 with (C5H5)2Ticl2 and (C5H5)2M
(M=V,Cr,Mn) afford {C5H5)2TiNN(SiMe3)2, (C5H5)2VNN(SiMe3}2.
flegng)cransitey) ], and [t gH ) MaNN(SIMe,) ], respectively.

In the case of the titanium and possibly the vanadium compounds,
the bils{trimethylsilyl}isodiazene ligand is terminally bound to
the metal, in the manganese (X-ray analysis}) and possibly the
chromium compound, the ligand bridges two metal a.t01'n5.30g
N-5ilvlphosphinimines, HeBSiN=PXZOSiMe3, rather than the isocmeric
rhosphine oxides, {Me35i}2NP(O)X2, result from the reaction of

Li‘-.\‘(Si:‘-!ea}2 with the phosnhoryl chlorides, ClP(O)X, {X=F,C1,Ph).3lo
The silvl—, germyl- and stannvl-phasphinimines, R3P=N—mMe3
{M=5i,Ge;5%n) , exchanqge with haloqencgermanes:
P == N—-FN ' 3 =N— ' S [X 14
R3_ N-M 1e3 + Rd_nt"exn-—- R3P N GeR3__an + r{eBalA
. 311
but R3P=N—51Me3 and MezGeI2 form an adduct (108}: X-ray
analysis of the germyl-phosphinime, Me3P=NGeCl3, shows the
nresence of a centrosymmetric dimer as well as two symmetry-
related monomers in the unit cell. The dimer conitains a planar
four-membered Ge,N, ring with trigonal bipvramidal geometry at
germanium. 12
N 2+
/i‘-.‘:.-‘{e
RBP--—N\\
GeMez 21
R3P-——N’/
\\511qu
{108}

Pommier313 has investigated the mechanism of the primary steps
of the reactions between Grignard reagents and dichlorecgermyl-
and dichlorostannyl-~norphyrin. The results show that when
alkvlation does not occur at the metal, the primary attack is at
the macrocycle, which is reduced through the intermediate formation

of a free-radical species.313

Rings and cages appear to have been the most important aspect
of silylphosphine chemistry during 1978. Metathesis between
the a,w-dichlorooligosilanes, Cl{Siﬁez}nCl {n=1-6) and Li.,PPh

2
vields heterocyclic phosphasilanes. When n=4-6&, the corresponding
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5—,6~ and 7-membered ring compounds are formed, but when n=3, a
polymeric material of probable Formula [PhP(SiMez)B]2 is Formed.

A six-membered ring, [ PhP(Siie,) ]2, is abtained when Cl{(SiMe,),Cl

272
is emnloved. The product obtained from the reaction with M9251C12
depends upon the temperature. at -40° the dimer, (PhPSlMez)z, is

formed which is stable at room temperature, but is converted at
150°C to the trimer, (PhPSiMe2}3 {109}, the product cobtained when
the reaction is carried out at 4c®c. Compound {109%) displaces

3114

cycloheptatrienc from (CO} HoC H, forming {110}. A similar

78
cage comnlex (111} results Erom the reaction of MeSi(PBu2}3 with

— \}{0‘/ ——Ph BuP/Sl\\PBu
N
Q

[&]
(110 iﬁii:f”’ﬂco\“QX

3ls 3le

RUB(C0)17 in refluxing btenzene. Fritz and Uhlmann have

emploved the monolithium salt of the methylphosphine to prepare

(MezsiPMe}3, (MeHSiP:‘Ie]3 and {t-BuSiPMe]) .. The reactions proceed
via the initial formation of sti(PHMe}z, which subseguently
decomoose, - a reaction sequence confirmed in the reaction aof

LiPHt~Bu with MezsiClz, Erom which Mezsi(PHt—Bu}z, (MezsiPt—Bu)2,
and (:‘-iezsi}BPq(t—Bu}2 {112} were isolated. On heating to 1900C,
MEZSi(PHt—-Bu}2 decompased to afford the two latter compounds.

The cage compound with the adamantane skeleton {113} has been

P SiMe,
Me, 51/ \\Pt-Bu ne sx// \Si Me_Si / \\
3 ~p P

2 P—SiMey
“92/51 ] Sife, l
t—-BupP SiMe
2
e P p—— T p
(112) Me,S1 \Slz/i?
2 {114)

P S.LMez
{113)
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prepared by the thermolysis of a variety of compounds including

. : . . . . 31
(H3351)2P—51Me2—P{SLMe3)2: (Me3Sl)2P SlM82Cl, Mezsl{PHz}z, and (114},
which was itself obtained by the reaction of white phosphorus with
Na/K alloy and subsequent treatment with Mezsiclz.318 The structures

of {1123°32%, (113)32° ana (114)°2?! have been confirmed by X-ray

analvsis.
The reaction of white phosphorus with dimethylstannane in ether

in the presence of DMF wvields (Me25n)5P2, which has the structure

{115} . In the absence of organic bases such as DMF or pyridine,
S A
1ezsn \ Smle2
// Mezsn
Me,Sn /
Snile
{115)
{(Me.5n} P, is produced.322 Tris{trimethylstannyl}phosphine is

2 64
cleaved by methyl lithium in ether solvents {ether, DME} to aiford

(MeBSnjszi(ether), which reacts with MeBSnCl to regenerate
(Me35n)3p.323 5ilvl- and germyl-phosphines, MeBE—Pt—Duz {E=S1i,Ge)
are cleaved by silver chloride in toluene to give MeBECl and
t—Bu,PAq, but silver bromide and iodide form 1:1 complexes,
t—Buz(Me3E)PAgX {X=Br,I}. The reaction of MeBSnPt—Bu2 with
silver bromide affords a fairly soluble material which exhibits

two broad signals in the 31P n.m.r. spectrum, but which eliminates
Me3SnBr in significant guantities even at -15% after 48h.324

The reactions of Hg(CF3}2 and Me3SnCF3 with germyl phosphines and

nhosrholanes lead to insertion of CF, into the Ge-P bond.325

t-Bu, {Me_5Sn)Sb and {(Me.Sn} ,Sb, are formed in the reaction of
2 3 336 4 2

(Ne3Sn)3Sb and t—-Bul.

4.2.9 Compounds with Bonds to Sulphur, Selenium and Tellurium

Compounds in this secticon fall into two categories, molecular

compounds and metal chalcogenide derivatives.

The glass formation tendency of GeS2 is influenced by chemical
disorder in the melt, and the high rate of cooling (17°s7 1
necessary for glass formation results from the presence of

structural units richer in germanium.327 The glasses, Ge253 and

GezseB, are s50lubkle in solutions of NazE {E=5,5e} in methancl

7
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yielding NaGGezE3.4MeOH, which lose methancl on heating.
Vibrational data show the presence of [Ge25616_ anions.328
second compound, AngeSB, which has an orthorhombic variant of the

A

Wurtzite structure, has been synthesised Erom Ag25—6e52 mixtures.

Treatment in a AgI/AgCl eutectic wvields the gquaternary compound

Ag?GeS I.329 Crystals of Eu,;Ge 45, contain the cyclic [Ge35916_

& 130

anions, which have the chair conformation. Heating a mixture

of the two binary sulphides in a guartz ampoule at 400-54¢°¢
under arqon yields Au,Basns,, which is structurally similar to the

CuzBaSnS4 4
graphically independent tin atoms is tetrahedrally coordinated

by sulovhur atoms.331 All the lead atoms in Pb3I6 gg513 and
- 8751

and Ag,BaSnS analogues. Each of the three crystallo-

Pb41n9517 are in irregqular eight—-fold coordination. Crystals

of K, Si2TEG are obtained by heating a stoichiometric mixture of

the elements in an evacuated guartz vessel at 620°C. The

struckure contains discrete [Si Tes] anicons in the staggered

6
333 AgaGeTe has a wseudo-cubic rhombohedral

324

confaormation.
structure with [GeTeq1 tetrahedra.
The atom—-atom ootential method has been used to calculate the

egquilibrium geometry and barriers bo internal rotation in organotin

23s

sulphides and thiolates.- Dimethyltin telluride {from Nezan2

336

and elemental tellurium) is trimeric, and presumably has the

same twist—boat conformation as has been determined for the

. 7 . . . . R
selenium analoque.33 The corresponding sulphide i1s also trimeric,
hut the reaction of i~Pr25nC12 with sodium sulohide yields

crvstals of (i—PrzsnS)n, with the linear structure {116}, if the

initially-formed low molecular weight product is allowed Lo

338

stand under DMF. Bis(2-pyridylthiolato)tin dichloride has a

R R R R
//,Sn\\\ Sn
s 5 s s
~. ~
Sn
r” “r
(116)

distorted octahedral structure with the 2-pyridylthiolato ligands

chelating the metal.339 U.V. photoelectron and wvariable tempera-—

1 f !
ture "H n.m.r. specktra of Sn-5-C-C-S heterocyclic compounds

demonstrate the non-planarity of the ring and the flexibility of



the 5-Sn-5 intracyclic angle.3qo

The germyl chalcogentides, (MenHJ_nGe)zE {E=0,5,5e,Te; n=0-3) are
effectively synthesised by the reaction:

2-‘-ienﬂ nGEI + Li_E ——mm (Men!{ nGE}2E + 2LiT

3- 2 3=

whilst germanethiols and -selenaols, Menu3_nGeEH (n=0-3)} are
isolated as intermediates in the reaction of the digermoxanes
with H,E and from eguilibrium mixtures of (MenHB_nGe)zs and excess

4
HzE.B‘g The reaction ©of haloalkenes and MeJSnSAr follows second-

order kinetics and with inversion of confiqguration with optically-

active (+)-l-methvlhentvl bromide indicating a mechanism involving

bimolecular nucleophilic attack an the haloalkene:342
a\ B T +
RJQnQAr N ) C ey slaw RBSnS ————— ,Fi:_--h
I b Ar =1 [«
c
a —
. ~ ¥ -
R8nX + Ars—Cl fast R,Sn—§~—R X
N
Ar

e —

With He3SnSWe and dMel, Me

3
produced.343 A stable orange solution of a charge-transfer

snI and the sulphonium salt Me3S+I_ vere

complex results from the interaction of TCNE with Sn(SPh)‘l in
benzene, from which the components can be isolated even after 72h.
However, the charge-—-transfer complex initially formed with MEBSnSPh

underqoes conversion to the extremelw unstable insertion product

{117} which decomposes on heating to above -~3001’L‘:34"1
Me3SnSPh Me35n——~SPh
+ —_ BIC CN CN CN
TCNE \C C/ Me_ S5 é I 5ph
o = e . 5n—C— C— 5P
AN 3 [ ]
NC CN CN CN
{117}
>—30°
NC\\ CN
//Q;:—C
Pl
Me3Sn—N=C’ ~CN

+ kPhSSPh
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Several more diorganctin bis{dithiocarbamates) have been prepared
345

by standard routes.
4.2.10 Compounds with Bonds to Main Group Metals

The cathcdic reduction of triorganohalosilanes using DME as
solvenk and BU_NCI10

as supporting electrolyte yields the corres-

q q
ponding disilanes in nearly guantitative current efficiency. In
conkrast, ClMezsiSiMe3 and ClMezsiSiMezcl do not react. Ph29iC12
affords cyclo—(SiPh2)4 as well as polymeric products, whilst
MeSiCl3 and SiCl4 vield only yellow polyrners.346 Cyclo-(MEZSi)
mayv be obtained quantitatively in high purity by the reaction:34
- . THE - -
6ie,SiCl, + 12L131 - 12LiC1 + (Me281)6
o-c/eh

Cvclo—(thsi}4 contains an essentially square, guasi-planar four-

348

membered Si, ring, hut cvclo—-(thsi}5 has a puckered five-—

4
membered Si5 ring.

1-Chloro-l-methylsilacyclobutane reacts with organometal {(IV)
lithium compounds to give {118} and (119} as monomers. >°C

Procedures to cleave 5i-5i bonds in industrial chlorosilane

residues have been devised. One procedure employs a pressure of
Ph_M Me.,S5n
3 3 //\\S
>Si \Si
re ve N
M=51i,Ge
(118} {119}

hydrogen {25 bars) in the presence of HMPT/(CSHS}zNi mixture or

nickel {resulting from the reduction of dry NiCl2 by EtBSiH)

leading to the formation of MeSiCl,H, MeSiCl, and MezsiC1H.3Sl

The methylchlorodisilanes, ClzmeSiSiHe012, ClMezsiSiMeCl2 and

ClMe,5i5iMe,Cl, are cleaved by HCl in the presence of Pd(PPh;},
to give methylchlorchydreosilanes in good yields, e.g.352

pa®
Cl,MeS5isiMeCl + HCl —————- MeSiHClz + MeSiCl

2 2 140°¢ 3

{50:5C; 90% combined yield).
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Palladium complexes (Pd(PPh3)4 or Pd(PPh3}zclz) also catalyse the
addition of fluorinated disilanes to l,3-dienes, methyl vinyl

ketone and p-benzoguinone te afford mainly 1,4-addition products,

e.q.353
R R'
R R*
FMe,SiSiMe,F + e —c’ J_EL_ {major)
V4 N\ loo®c
Me,SiF Me,SiF
+ R R
{minor}
R' R*
Mezle Me251F

The reaction of MeOMezsiSiM920Me with the FhC CPh in THF at rocm

temperature with sodium methoxide as catalyst yields {120}, which

is fairly stable in air:354

Me
MeOMe.SiSiMe.OMe + PhC=CEh —* Ph siZ
2 2 e L
C SidMe
1 2
,/’C\“x
Ph Si
M92
(120)

355 have svnthesised the first example of an

Gielen and Tondeur
optically—active hexaorganodistannane,[Ph(PhCMechz)MeSnlz, by
the stereoselective decomposition of the corresponding organotin
hydride in the presence of palladium. The reactions of

t—Bu(PhCMEZCHz}PhSH*H with MezHg and of Me(PhCMe2CH2}i—Pr(trityl)~

Sn with LiAlH4 afforded racemic distannanes. Very sterically
crowded hexacrganodistannanes, R65n2 (R=2,4,6—Me3C6H2, .2,4,6-
EE.C_H,) reversibly dissociate on heating. Bond disscociation

37672
enerqies {(derived from e.s.r. intensity measurements) were 198(8)

kI mol™t and only 125(5} kJ mol™ %, respectively, for the methyl

- 3
and ethyl derivatives {ef. 210-240 kJ mol ! for HESSnz). 6
Tributylstannvl radicals generated by photolysis of Bu65n2 abstract

bromine from Me3SiO(CH2)2Br:357

MeBSiO(CH Br + BuBSn--—>Bu3SnBr + Me3SiO(CH2}2-
+hv tsolvent
BuGSn2 Me3SiOCH2CH3

2}2
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However, no reaction occurred between Me65n2 and 2,4,6—Me3c6H2—CH=NPh

in the presence of t—-Bu202.358 The reaction of MeGSn with TCHNE

takes place by the initial formaktion of a 1:1 complex:aSg

+
Me ‘;n—-—SnMeB 1\1335'('1—“‘5['1!\!93

3
CN CN
NG, .CN NC, _ Pe A
C=C y c—=cC —— IMe.Sn— C—C-—-5SnMe
s N < AN ki | 3
NC TN NC CH CHN CN
TCNE
NC CN
\C c/ ey e
g i
[/7e T2 N — C——C—>5nMe_.T
e Sn-=C Nen Me;Sn— C— C — Sn¥e; . TCNE
(122) CN  CN
(121)

Complex {121} may be isoclated in 30% vield when the reaction is
carried out in CHZCClz. It is almn=t inscluble, colourless, and
extremely susceptible to homolysis and atmospheric oxidation when
it isomerises to black {122} reported previously. The kinetics
of HCY cleavage of Fh sz have heen examined in anhydrous dioxane,

6

CHCl3 and 2O%MeOH—80%C6H6, and are consistent with a four-centre

mechanism involving opreferential cleavage of the Pb-C bond by
undissociated HCI. A [ArSPb2C1] species was proposed as an
intermediate, which could either rawoidly disproportionate or suffer
further Pb-C bond cleavage.aGO
The dissolution of scdium/tin alloys of compositicons near
NaSn

the Sn

2.22_in ethylenediaTige vield orange-red solutions containing
9 anion. The

exhihit a single resonance with

that the individual environment of the static monocapped square

antiprism skructure are averaged intramolecularly in some manner.

Sn n.m.r. spectra of such solutions

ll?Sn"llgSn coupling demonstrating

Na—-Sn-Pb alloys afford soluticons containing all possible mixed
361
(P _Sng_
The reduction of arvyldigermanes and -disilanes by LiAlH£1 leads

}4‘ {n=0-%} anions.

Lo the corresponding hydrogermanes and ~silanes in high yields.

The reactions proceed via intermediate lithium germyl or silyl

. - . 362
aluminates which are stabhle under inert atmospheres, e.g.



: THF + -
Ph,yGeGeBu, + LiAlH, ~— = Du,GeH + Li [tPh Ge)nyaL] ™. THF
‘ THE; -LiH

PhyGeLi + LiAlH,

A neutral Ge-Al bhonded compound has been synthesised by mercury

displacement:
3Hg (GeMe, ) 5 + 2Bl —ik 2a1 (GeMe,} .. THF + 3Hg
: 3°2 nentane 3°3°
Attempts to prepare the corresponding tin compound failed; instant

dececlourisation of (MeBSn)2Hq occeurs in contact with aluminium, but
the desired product decomposes below room temperature.363

Triethylbismuth underqgoes Bi-C bond cleavage with (CF.} jGel and

364
(CGFS) 2GEH2 H

Et,Bi + (C6F5}3GeH

3
90~100°¢C 170%
(CgFg) jGeBiEL, [(C6F5}3Ge]2nigt2
(C.F.) . GeH, + Et,Bi ~C2Mae [(c Fe),Ge—BiEt]
g 57 28€R2 3 6° 57 25
H
‘ —CaMg
Et + =.
Bi (CGF5}2Ge — BiEt

PN
{C.P.).Ge Ge{C_F.}
675727y 652 o
B1i (CSFS}zGe———BlEt
Et

2

Tin carboranes may be prepared by the reaction of Sncl2 viith

bis{O- or m—carboranyl-(Q)}mercury:365

(Cszﬂlng}zHg + SnClj—'-*(C2H2510H9)2SnCl2 + Hg

Me,SnB,  H; 5 is cleaved by bromine and iodine to give Me,SnX,

{X=Br,I} and ElOHIZKZ as products. With a deficiency of bromine,
MezBrSnaloﬂlzﬁr is produced.366 The treatment of a solution of
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Me,SnLi in THF with one equivalent of PhSCu affords PhS(Me3Sn)CuLi,

a new reagent for the transformation of f-iodo~encones into p-trimethyl-

stannyl-a,f~unsaturated ketones.367

4.2.11 Compounds with Bonds to Transition Metals

The reaction of HMezsiSiM63 wikth Feztco)9 in benzene at room
temperature yields the extremely air—sensitive silanediyl—-iron

complex {123). The silanvl and silanediyl ligands are displaced by
H
Mezsimf:‘e(COJB (123)
SiMe3
PPh,, (PhCH=CH), and phczeph. 2% Insertion of cyclohexyl isocyan-

ide (RNC) into the 5i-Fe bond af (CSHS)Fe{Cu)zsiMe3 does not take
place even under photolvsis. Rather, seguential replacement of
both carbonyl groups by RNC occurs leading to racemic (CSHS}FE(CO}—
{RNC) SiMe3 and (C5H5) Fe {RNC) 2Sil"ie:i‘ 369
HFe (CO} ,5iCl, by addition of the Fe-H function to the multiple-

l,3-Dienes react with

bond svstem. Isoprene appears to add predominantly by [1,4]
addition, but [l,E]addition occurs with 2,3-dimethyl—-1l,3—-butadiene.

Both tvnes occur with butadiene- Stable (n—allyl)Fe{CO)BSicl3

complexes are formed with both isoprene and butadiene.370

. 5
Me, 51 (n CgH, ) FelCOo) ,CcHyy
by a g-hvdrogen elimination process, whilst (124) eliminates

l"pentene:37l

thermally decomposes principally

//(C5H4}FE(CO}2(CH2)S(OC}zFe(CSHq)

Me, 51 SiMe,

2
{CSHQ}Fe(Co}z(CHz)S(OC)ZFE(C5H4)
{124)
+A
. 5 _
2C3H7CH==:CH2 + 2Me251 {n CSH4}Fe(CO)2 3

The complexes M(Si(Me}CH2CH2CH2)(H=Fe(C5H5)C02, Hn(CO}5} have

been prepared by substitution of l-chloro-l-methylsilacyclobutadiene.

Reactions cf the iron product are summarised in Scheme 5.372
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X {X=C1,Br) B ———
2 L Fein C5H5)(CO)2x + XMeSLCH2CH2CH2
hwv

w= [Fe(n-CgH) (CO),],

] r 1. o _ -
A—[E%CQH:;)C]'Z 2 E{ SJ.Me[Fe(n CgHg) (CO}21 CH,CH,CHy }n

Fe(n-CgHg{CO} jL—r  BMePh, _ Fe(n-CgHg) (CO) (PMePh,)L
hvy

1
= i ,
k ﬁl{ﬁe}CH2CH2cH2 L~35ﬂ3252——- Fe{n*CsHS){PMePhZ)zL
[o § hw

- KOH e [Fe(n-C o) (€O),]T + [SiMe(n-Pric,]*”

HC 1 ——f—- Fe(n"CSHS) (CO} z{SiMe {n-Pr)Cl;
(major product}

H,O

2

Fe(n—C5H5)(CO)Z{SiMe(n—Pr)OH}

Scheme 5

The silaferracyclopentane {125} is obtained by the reaction of
dimethylsilacyclobutane with F92(C0)9 {preferred route} or, with
u.v. irradiaticn Fe{CO)S or FEB{CO)lz' The compound may also be
prepared by the reaction of ClMe,5i{CH,),Cl with Naz[Fe(CO)4]-
Reactions of {125) are described in Scheme 6. Ring—expansion
as a route to silaferracyclopentanes seems to be independent of
the exocyclic groups attached to silicon, which may be MeO and C1l
in addition to Me. 1-Methyl—-l~hydrosilacyclobutane and Fez(co)9
give hoth substitution and insertion products, {126} and (127),

whilst reaction with (PhyP),(C,H, )Pt affords {128y .374
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- water,!\lz——'- SiMe2 {n—Pr} {OH}+FeH complexes

water,aire= SitMe,(n-Pr) (OH) +[Fe(co) J[Fe,(coy,]

co
ey L HC1—a=  SiMe,(n-Pr)Cl + FeCl,
Qc 5i—CH
~N L 2
Fe
OC’/ \\CH CH
( 2 -2 ———pCl,_ —®= SiMe,(n-Pr)Cl + SiMe_Cl. + 3ICO
co 5 2 2772
(125}
Pie,Ph(=L)®= Fe(CO} L, + Fe(CO) L
Scheme 6
o
C H Me
Y
Me Qc | 51 Me
[ N 1.
(OC)4Fe(H)—Si Fe (PhJP) Pt (H}-S5i
/ 2
oc”|
{126) C {128}
o
(127}
cis—(Me3Ge)Fe(CO}4375 and cis—(MeHzGe)Fe(CO}4376 have been
prepared by reaction of the halogermane with Naz[Fe(CO}q]. The

trimethylgermyl derivative rearranges in vacuo yielding
(MeBGejzo, Fe{CO}S anfd Fe3(co}12, whilst the hvdromethylgermyl
compounds, cis—(MenH — Ge}Fe(CO}4 {n=1,2}) eliminate the correspon-—

ding methylgermane.3

Reacting patterns of (E-%eHzGe)zFe(CO)4
with halegen compounds have been investigated in detail.
Halcgenation by milder reagents e.qg. SiClq is stepwise and
alternatelvy at each germanium atom. More reactive hydrogen
halides also cause suhstitution, and subseauently c¢cleave the
Fe—-Ge bonds.378
ether to afEord CO(CO)q(Ge

ks HqCl

Digermanyl chloride reacts with Na[Co(CO)ql in

HS), the Ge-Co bond of which is cleaved

2 379

2-  Reaction with [Mn(cO) ]~ gives Mn{CO} (Ge,Hc).
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Three distinct reaction pathways may occur in the reactions of
MenSiClq_ {n=0-3) and Na[Co{CO)d depending on the acidicy of the
chloresilane and the basicitvy of the solvent: (i} attack at the
silicon via the ccbalt atom of [Co{Colq]_ forming Ssi-Co bonds,

{ii) reaction involving a carbonvl ligand leading to the formation
of clusters such as R SiOCC03(CO)9, and (iii) chleorosilane-induced
attack of [CO{CO}4]_ on the solvent vielding products derived from
THF, &g HO{CH CCo {CO)9.38O The miscellanecus complexes,

Ph3

204593

Sn(PhBP)CO(CO)3 angd {C5H5)FE(CO)(L}SnPh3 (L=CS5 ,CNMe, C{N2C H
have also been synthesised.

Ionisation and appearance potential data for several compounds
containing Mn, Fe, and Co bonds to silicon and tin have been
measured.383 Detailed analyses of the vibrational spectra of
(CgHg) Fe (CO) Mph3,324 [tcgrgIFe(cor,],MCL, and (CHg) Fe W) ,MX,
{M=5n,Ge; X=Cl,Br} have heen presented.

Optically-active germvl-lithium compounds displace carbonyl
ligands from transition metal carbonyls to afford complexes with
ooticallv-active germanium bonded to the transition metal e.q.
MePhNpGeM Li% (M=H(CO) ., Mo(CO) ., Fe(co) ).%®  several organotin-
manganese complexes of the type R,Sn- and Clesn—ﬁn(CO) L,
(L=P(0Ph}3; PPh3) have been prepared by the substitution method.

Only the Sn-C bonds of PhJSnM(CO}5 (*=Mn,Re} are cleaved in ligquid

387

SC,. The primary bis{0O-sulphinato) complexes (129) formed at

20°¢ rearrange easily to the more scable polymeric 0,0'-sulphinates

{130} and monomeric {131}. In the range 20~60°C, monomeric
tris{0,0'-sulphinato} complexes (132} are form96.388
ﬁ 2h Ph gh M(CO}
{OC}5 ~ _//O 5-Ph (OC)Si/ x‘\o\t /O/ \O\i'/ 5
//Sn\\ o g OISq\
Ph O—E—Ph PL Q\S/
o] Ph Ph
(129) M(CO)S
(130} M = Mn, Re
Mn{CO}
Ph /’ \xl /’ \\ SPh M(CO) g
PhS“"
\\0//1 \\O// O \\\ln/// \\
Ph Y:\\ //
{131}
*"‘ \/

Ph {132)

?82
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Several caticnic Sn-Ni{IT) complexes have been reported.
Complexes cof the general formula MNi(PPhB)B(EPh3){THF)x {M=Li, WNa;
E=Ge,Sn,Ph} and Me3Ni(PPh3}(EPh3}3(THF)x {E=Ge,5n)} are formed by

substitution of {PhBP)zmiicznq) by MEPh3. The analogous silicon
complexes could not be chtained because of the formation of SiPh,
from LiSiPh3 and coordinated PPh3-389 Similar cationic complexes
{133) result Efrom the reaction of LiSnPh3 with NiCl1(L} BPhq in
390,391

THF at -70°C: !

E

l +

2 Ni\\P BPh, E=N,P
| .
5n
AT
e’ | Sen
Ph
{133)

Cyclooctatetraenes {CBH?R, R=H,Me,Ph,SiMe3) react with
Ru(SiMe3)2£C0)4 in refluxing hexane to give trimethylsilyl-
migration products Ru(SiMea)COE{CSH?R{SiMe3)} together with ring-
closed tetrahydropentalenyl complexes Ru(SiMej)(CO)z(CBHBR). The
structure of the former product {R=H} was established by X-ray
analysis. Heating the cyclooctatetraenes with Ru(SiMe3}2(CO)4
or the comnlexes Ru(SiMe3)(CO]Z{CSHTR{SiMe3)}directly in heptane
effects ring-closure with the elimination of the C-banded M9331
group giving diruthenium pentalene complexes Ruz(SiMej}z{CO)q(Cgﬁ R}
in moderate yield, agaln confirmed by an X-rav determination.39 +393
The silylruthenium complexes RuH3{SiR3)(PPh3}2 and RuH(SiR3)(PPh3}2
are effective catalysts for the addition of CCl‘1 to l—octene.394
The lemon-yellow crystalline product from the reaction of SnCl2r
PPh3 and the red ruthenium soluticn obtained by treating
RuCl,XxH,0 in EtOH with CO is actually [RuCl(SnCl,)(CO) (PPh;} J(OCHe,)

372
Me,Co (X-ray), and not [Ru2c13(3nc13} (CO)Z(PPh3)3]. (oCMe,), as
previously thought.395 The structure of (MezphP)znuSnCl3 has heen
determined. Gold is coordinated by the two phosphines and an

[SnC13] ligand in a trigonal geometry, but with considerable

distortion towards a linear PAUP group and an uncoordinated SnCl3

anion.396 The rare earth complexes (C5H5)2M5n9h3 {M=Er,Yh} and
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3 result from the reaction of PhBMLi with the corresg-

{CcH_.} ,ErGePh
57572 397

ponding rare earth chlorides.
002(CO}a reacts readily with Meqsizﬂzo, Me4Ge2H20 and (ME%HSi)2CH2
to vield the complexes {134}, which decompose slowly at -787C under

nitrogen to Co4(CO)12 and polysiloxanes and —germoxanes. With
Fe(CO)5 or Ru3(CO}l2 under u.v. photolysis, the five-membered
heterocycles {135} are ohtained.398 Similar four-membered
X CO
Me E/ \EMe Me | co
2 €2 2 |
{0C) 4Co Co (€O} , J//fE eo
X OC/CO
I
{134) MMRH“E-———M——CO
. Me, of
X=0:;E=81i,Ge 2 QC
X=CH,; E=Si co
M=Fe, Ru (135)

metallocycles, L,Pd(Si,Me,0}, L2{CD)HIr(Si2Me4O}, L, {CO}HIr(SisMe
LPt{Si, Me,CH,}) and Lde(512Me4CH2) (L=PPh3) have also heen
prepared and act as catalysts for the dispropertionatien of

4CH, Y,

tetramethyldisiloxane into dimethylsiloxane and linear polysiloxanes
in neutral medium at room temperature.399

Eaborn has continued hils studies of the reactions of organotin
compounds with Pt{II} complexes. Aryl-for-chlorine group
exchange occurs bekween ArSnMe3 and [Pt(Cod}Clz],qoo
{Pticodrclpme,phy] 8F,, " or cis-[Pric K, 3C1,(PPhy)] -

former case, one or both chlorines can be replaced. The use of

402 In Ethe

one mole of P.rSnMe3 usually affords the monoaryl derivative in
high vield, whilst the diaryl complex is obtained when two or more
2)C1,(PPhyy], the
chloride—hridged complexes [PtzArzclthPPh3)2] are obtained with

moles of reagent are employed. With cis*LPt(Czﬁ

one mole of ArSnMeB, but excess causes decomposition to
[PtArlePPhjlz] complexes. The reactions of [Ptfcqu}{PPh3}2J

with organotin halides RnSnx {n=0-4) proceed by insertion of

platinum into the Sn~R{Ar)} o: gn—x bonds depending on the nature of
the tin substrate, affording complexes of the types cis-
[Ptr(PPh,), (SnR X)] , cis-[PtPh(PPh,),(SnPhX,)], and cis- and trans-
[Pt(PPh3}2(SnR2x}x].4O3 The reaction between trans—[PtH3{P(hexyl}3}-
andg MKHB {M=S1; X=H,Cl,SiH3: M=Ge, X=H) compounds vield trans-—

PtH{Y){P{hexyl}B}] fY=MxHé) complexes, probably via intermediate
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;PtHJ(Y){P(hexyl}3}]. Unusually, the silyl group is trans to the
hydride in [Ptﬁ(SiH3{P(hexy1)3}].404
of [Pt(Hez}2(N~N}] {N—N=bipyridyl, substituted phenanthroline)

Similar insertion reactions

complexes into Ge-X (X=Cl,Br} honds of organo~germanium halides
have been demonstrated by Kuyper.405

Bimetallic Pt—-Sn complexes contalning up to six tin atoms are
Eormed between amine-Pr(II) complexes and chlorotin compounds.
In solution, competing eguilibria are established.406 The Pt-5Sn-Cl
system has heen shown to be an effective homogeneous catalyst for
the water gas shift reaction. A typical catalyst system consisted
of KZPtClq (0. 25mmole) and SnCl,.5H,0 (7.1lmmole} in 40ml glacial
acetic acid with 1Oml concentrated HCl and 10ml water, giving a
ra<e of catalysis at 88% of ca. 25 turnovers/day/platinum ion,
with no loss of activitv upon recharging. [Pt(Cl(CO}(SnClB}z]_ was
cansidered to ke most probably r?sponsible for the catalysis of H,
formation, and [Ptclz(co)(SnCl3)1_ responsible for CO, generation.
Photoirradiation of a homogeneous solution in propan—2-ol cof a

907

Rh-5n—Cl catalyst markedly enhanges the endothermic reaction rate

to produce acetone and Hz.408
1 . - .

Trans—thL2(SnC13Jz? and c15“[PdL2(SnCl3}Cl] {L=phosphine)

complexes have been prepared by the reaction of phosphines with

409

Pd—SnC13 complexes in HCl-EtOH. Thermal analysis studies show

that the cis—[Pth(SnClBJCI] {L=phosphine} complexes are converted

into the Mmore stahle trans isomelks when heated in the so0lid state.

Heats of isomerisation were in the range 5-11 kcal mol-l.410 The

reactivitcy of [Pt{SnMe3)2(PPh2CH2)21 towards air, base, acids,
thiols and organic and metal halides has been examined. Many

reagents cleave both Ft—-Sn honds in a stepwise Eashion.411
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