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Bana¥l,  AND

OF  ORGAROGH]

‘batract of Thesis

The work described in %this thesis is conveniently divided into

three varss.

Tetravenzylgermane is cleaved by lithium in 1,2-dimethoxyethare
16 give moderate yields of tribenzylgermyl-lithium, but some divenzyl-—
germyl-dilithium is aliso wroduced. The " germyl-lithium reagent does not

: o oL ; o
attack the solvent at 07, but at reflux temperature in the prezence of

]

. ™~
an excess of lithium a progressive series of reactions takes nlace

giving (PhCH_) _GeMe, (PhCH,) _Gelie, dnd PhCH. Gelle,: Many reactions of -
2°3 2’2 2 27773
tribenzylgermyl-lithium are similar to ‘those of other organclithium
reagents. -
The reaction between tribenzyvlgermane and lithium is not selective.
Both Ge-H and Ge-CHZPh bonds are cleaved, and this lack of selectivity
is also shown by hexabenzyldigermane., Similar conplications are evident

in the reaction befween butyl-lithium and tribenzyigermane. Both

),GeLi, and nucleophilic atbtack.

hydrogen-rnetal exchange to give (PhCHZ
. >
of Bu  with displacement of either H or PhCHZ_ occurs.
PART B. Trinhen&lgermylplatinum Comnplexes., : N
”“1pne411*efmyl-lithium reacts with the complexes cis or trans
(RBP)ZPtClZ [R = Et, n-Prl to give (R u) Pt (GePh., )2 The iodide
(R PtI reacts with triphenylzermyl-lithium partly by halcgen-metal

SR
exchange, however, giving the lithio platinum derivatives (RBP)ZPt(Li)I


file:///bstract

<

and (R.DP) Pt(Li)GePh_.

2

>
The complexes (R.P) Pt(Ge¥h, , arc stable to air and water but
. < -

-C bonds, Iodine,

U

o . . . , .
decocmnose at 1507 with cleavage of Ze-Pt, Ge-C and

HC1, iel, HMsgI,, C,H,Br_, Phli and LiA_H4 all cleave both Ge-Pt bonds,

4]

and in some cases at least the reaction probably proceeds via platinum(IV)
intermediates, Hydrosenolysis of cne Ge~Pt bond takes place under |
exiremely wild conditions, and this may also proceed via oxidatioﬁ to

a Pt(IV) complex.

Stable alkoxy-platinum complexes, (RTP)DPt(OR')GePhB, were produced
) z .

by the action of alcohols on the intermediate <R3P)2Pt(I)GePh3'

PART C, Infrared Spasctira.

Characteristic infrared frequencies are given for 90 organogermanes,
including alkyls, aryls, hydrides, deuterides, halides and oxides, with
the main object of assisting characterisation of similar compounds.

Germanium-carbon stretching frequencies for trans and gauche forms of

n-butylgermanes have been observed.
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The work desoribed in this thesis is conveniently divided into
thres parts,.

PART A. Benzyl Derivatives of Germanium.

Tatrabenzylgermsne ig cleaved by lithiua in q,2-dimethoxyethane
to give moderats ylelds of tribensylgermyl-lithium, but some dibenzyl-
gernyl-dilithium is also produced. The germyl-lithium reagent doss not
attack the solvent at 0°. but at reflux tomperature in the presence of an
. oxgeas of lithiun a progreassive =zeries of reactions takes place glving
(enc) ﬁﬁﬁo, (PHCH,) GoHe, and PHCH Geey. Hany reactions of tribenayl-
gormylelithium aré aimilay to thoss of other organclithium reagente.

The reaction betwesn tribansylgermane end lithium is not celective.
Both Ge=H and ee-c}iaPh hends m cleavod- and this 1aek of selectivity
ia also shown by hexubenagldigemm. Similay compl:l.cntions are evident
in thn roactibn betmn butylelithium and tribazm.ylgamane. Both
' hydrogen-metal exchenge to give (Phﬂ!!z) Geld., and nucleophilic attack of

By~ with dlsplacement of eithsr K" or Phc'ﬂz' ogours,

Triphenylgorayle-lithium reacts vith the complexss gis or trans
(E,r«) SF 01, (R = B%, =Pr] to glve (RSP}aFt{%PhB}a. The icdids
(Rsxr FEI, reacts with tripheﬁylmwlﬁnthium partly by halogen=uetal
anohange, Howsver, glviug the litiicplatimum derivetives (1131') th(Li)I
_an_d (RSP) 2Pt(la_1)Gth5.. :

The .complexas (BSP).a?t(GePhB) a are stable to wir and water but
decompose al 1-50° with cleavage of GewPt, Ge«C and P-C bonds, Iodine,



HC1, MeIX, Mgla, GEH“Bra. PhI4 and I.i!tlﬂk all cleave both Ge=Pt bonds,
and in some caseg at least the reaction probabig} proceéds via platinum(IV)
intermodiates, Hydrogenolysisz of one Ge«Pt bond takes placé under
extremely mild conditions; and this may also proceed ﬁé oxidation to a
Pt{IV) complex. |

Stable alkoxy=platinum ccmplexes, (RBL’)ZPt'(OR')GQPhB. weye profuced
by the action of aloohols an the intermediate (1231’) aPt(I)GeP%e

PART C. Infrared Spestra.

Characteristic infrared frequencies are given for 30 oggaiogeraanes,
including alkyle, aryls, hydrides, deuterides, halides and oz;’gdes, with
the maln object of assisting characterisatiea of similai gomporinds.
Germaniumecarbon stretching frequencies foy iwana and gauche forme of
n—butylgamms have teen Obsarved, -
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Thia introducticon is concerned with a general review of organo-
germanium chemistry. Certain aspects of the organémetallic chemistxy
of platinum and of compounds containing metal-metal bonds are also
summarised, A more detailad account is provided of aspescts which are

particularly relevant to the work demscribed in this thesis,.

A, _General Characteristicas of the Group IVb Elements,
The atoms of Group IVb resemble carboen and silicon in having the

nsanpz'electron coufiguration. and 1t ic often adventagevus teo lnclude

these olements in cqmpariaons as many tronds can be followed through

the whélé groupy carbon, silicon, germanium, tin and lead, The trend
from §1ectronggative to electfopositive character with increasing

atomic number is very striking. Carbon is strictly non-metallic -and.
silicon essentially 66. Although germanium has many metallic properties,
it ie best caﬁs;d@rad-as a semdi-metal. Tn and lead, however, arz
bdefinitely metallic, althéugh their oxides are amphoteric.

All the elements of Group IVb form tetrahedral covalent bonda by

" mé§3”5§b?iaiéatifg'aé; give n large number of organic derivatives. The

fully substituted chpounde_of the typo RgM (R = alkyl or aryl, M = 8i,
Ge, 5n or Pb) differ from the fully alkylated or arylated compounds of
the adjacont groups in their relative atabllity. For example, trimethyle
-indium and iriméthyletibine inflane in air, ghareae.ietrémothylt;n is
stable to air end water. The high reactivity of the Group III crganic
compounds may be attributed mainly to thoir vacant orbital and electron=

deticienticharactqr. For Group V (the trivalent cdmpbunﬂs) the reactivity

R UNIVER:,
““?oul:jnul:v El?“llr,' )
N 20 AUG 1965
N
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is due to their unsaturated characteor and to the presence of a lone palr
of electrons, The alkyls and aryls of Group IV bshave as saturated
gompounds and show 1o tendenmcy to expand their covalency above four.

The thermal and chemical stabillty of compounds of the type RﬁM
decroases as the group is descended. This may-be 1llustrated by the
action of chlorine on the tetra-alkyls. Et“p and‘Etksi undergo atomic
chlorination with retention of the ethyl to C or Si b;nds. Ethge reacts
smoothly to give Et,06C1 + EtC1, and EY;Sn reacto so roadily that. care
is necessary to stop the reaction at Et3§n01. Eth?b is completely de=
gradad'b&.chlo:ine. Covalent bonds between Grdup IVb metals and hydrogen :
o?_anéther Group IVb metal éléu becomé more régctive as the group is
descendeds These tendencies sve not cen*inﬁous,'howev§r6 The theraal '
stability of RA” compoundn probably reaches a meacimum at silicon, and |
'uiH4 is more reactive than CHQ or Geﬂh.

The atoms of the Group IVb clements can also enter inte eampounda
in a divalent state, and these ‘become more =tuble e= the tetravnlent
_compcunds become more reactive, i.e. in the yggyéo?nelementa. In these
compounds the s eleetrons are presumably ratained as an "inart na;r"
Divalent inorganic lead ccmnounds are gemsrally wmore atablo thon the
tetravalont ones, and many show ioni¢ propertiss. The divalent com-
pouhds of tin are less stable, and those of.sermnﬁium are p@wétful
reduciné agents, Little is knowm at present about silicon (II) compounds
and divalont.earbon compounds ("Curbena_iong")-havm been poatulated only

os reactive intermediates. The incroasing energy gap between the s and p



-3 -

¢lecirons in the heavier atoms, making an hybridisation less favourable,
is at leést pgrtly responsible for the increasing stability of the di-
valent étate.

J4th very slectrencgative groups attached; the Group IVb clements
can expand their coordination number to 5 or 6, giving compounds of the
type NaSiF; and (Hﬂh)aSnCIE. This ie achieved by using the unoccupied
d orbitals for bonding. Carbon, of course, having nollow enérgyld
orbitals avéiluble. cannot expand its covalency above 4.

Carbon 1s also excoptional in Group iV in forming pnepn multiple -
: bonda, giving rise to such. compoun&s as alkynes, alkenes, ketonea and
1minesa There are nd exam rplss known of the other Group IV elamenta
forming compounds of theqa types. Howeover th-re is ev‘dnnce that the
othor Group IVb elemnnts can form nultiple bonds (at least partially) by
dne=pn int_e_rx_a_c_t-i_gna. For oxemple, in dioilyl ether, H,51-0-SiH,, the
84=0w51 bonds are colinear where the normal tetrahedral angle about oxygen
wéﬁld bé exﬁqgtad. aalin aimé%hyl sthor. d4r-pr. bonds betwsen silicon and
oxygon sre thought to be responsiblo for this, Leas ovidenco is available

about this ,hcn onen in the heavier olomonts,

The Or_anio Chenistry of Oarmanium,

Bs
The organic cliomistry of germanium was reviewed in 1951 by Johnoon
(1), vho desoribed some 230 compounds. Since that time the number.of
organegermnnes described in the literature has increased rapidly at a rate
pnrall&l *e the increaac in interest in org anometsllic chemiatry in

3eneral. Bavious by Rijkens (2). in 1960 and by Quane and Bettel (3) in
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1963 have summariced most of the recent advances, and a curvey by Dud (&)

lists the preparation and propertiea of over 400 compounds. Tor aspects

.0of the organic chemistry of germanium not described below these raviews

are recommended.
1 THE FULLY SUBSTITUTED GLRMANES.

a) - The MOROgermanes, R ey
' Tho standard method for tho preparation of tetra-alkyl cad tetra-

‘aryl germanes ia the reaction between a germanium (IV) halide and a

Grignard reagent in ether or ether/toluene solution (5,6,7).
GeX, + MRHpX-i> Rhga + hMgXZ

The reaction proceeds via the 1ntermeaiates RGeXB. R Gexa and R3 GeX, and,

in cases where the reaﬁuioﬁ is séow, the conditions can beé adjusted to-

.give a principal yield of one of  these gocmpeunds., Mixed 2ikyl- or avyl-

germanes can be obtained by the stepwize alkylation er arylation of

these intermediates: The use of allkyl= or aryl-lithium reagents instead

' _ef the Grignard reagenta oftnn leads to improved yields of the tetra-~-

ergaROgnrmanel k&l-

 Coupling reactions of the Wurtz type have been used to prepare both

' alkyle and arylgermenes (7). Gorzmanium(IV) chloride ondbromobonzene react

vigorously with sodium to give tetraphenylgermane.

' @eCl, -+ 4PhBr + Ona SX2E_5 b Ge + LNaCl + 4NeBr
ocl, + kP + 8 WS |

Direct substitution reactions batween alkyl halides and eiambhtafy

germanium in-th@-présence of a copper catalyst also produceg some R“Ge;
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but the yiclds are low, the principad products being partially sub~
stituted organogermanium halides (9). |
Another method of producing sywmetrical fully substituted organo=-
- germanss 1s the use of dlalikylizine and germgnium tetrachiori&e.' This
. reaction is interesting historicslly as it was by this route that Winkler

(11) produced the first organogernanium comﬁound in 1887,

GeCIh + aZnEt2 — Ethqe + aZn01é

A more recent variation iavolves the use of triglkylalﬁgi;iup inetead of .
dialkylzine (12).

Compounds containing Ge-H bonde can be made to rea;t with olefinic
or acetylenic carbom-carbon bonds to prepare -fully substituted orgeno-
germines, Gilman and Gerow (13,14) domosstrated that the germamium became

a*tached to the terwzﬂ&; carbon of an olefin:

P'hBGeH + CH aCH( )15 5 -3> CH (CH )17601’!!3

The renction is catalysed by benseyl peroxide orvultra-iiolet radiatien.
.. Hore useful appliqatiens of.thisrmethod-aré-in-tha synthesls of tetra-
crganogaraaﬁes with side—-chains comtaining a reactive center or an un=
saturated group. For sxamples |

n=BuGeH * HC=CCR,OH ~—> = susmcn CR,O0R - (15)

and RBGeH + caa=cn‘_*z —> RBGGCH CH,Y ~ (16) where R = alkyl and ¥.=

- Gerpanium dihydrid»s behave similarly, an interasting exnmpla beinc.


http://perod.de

. CH-—CH
. g ,//// 2\\\
Bu.GeH, + (CHZ:CH)EGeEt ~> Bu,Gd BoBt., + polymeric

a2 2 2 N y ¢ material (17)

CHE_—CBE

Gormyl=lithiunm and potassium cohpounda ean give tetra substituted
aloncgermancs by reactlon with. brganic halidea, They also react with
olefins in a manner similar to the hydrides (130.

2.0
Ph30eLi + PhCeCH, s Ph,CHCE, OeFh,

.Thia reaction is not general, however, and doea not proceed with transe
‘stilbene, 1-octene or cyclohexene. Two further reactions of triphnnyl-
germyl=lithium which produce fully substituted germanes are with formalde- N

‘hyde and bsnzophencne (18), giving Ph,GeCH.OH and Ph CeC(OR)Ph,
o . [

3

' respectively in about 0¥ ylold aftor hydrolysis.

Another methed, useful-in the synthesis of EEsubseitueea-organQQ-
geruanes; 1s the reaction between trialkylgermanium hydrides and variohs

6iazo compounds (16, 19). Ethyl diazoacetate; W CFCODVt, d,aaonce?ong,_

2"

2CHCDI‘}\ all yeact in- rofluxing benuone

or toluene to give yields in the order of 403%: -

%CECGCHe, and diagoacetophencneg R

3paCHZCGGEB

The compounds prepared by these methods can often be convertod to

R

GeH + W CH"MH} Sy cakelyet. g + N

3 2

 other fully-subatituted gernanes by reactions nvolving the organic groups'

only. Theue reactions are not deacribed hsra. Hany attempta to p:epara
tetra~iso~propylgernane have met with failure, presumably due to sterdc ~

hindrance (20). This has now been isolated ir émqll amounts from'thg
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reaction botween iso PrigBr and GeClh (10) and tetra-isc=-butylgermane
has also been propured by tho alkylaluminium method (21),

Properties Sf the fully substituted monogermanes,

Tetra-alkyl- and totra-arylgarmnnaa are Qery stable thermally and
chemically. The lower alkyls are volatile liquids: Hokﬁe; bDepe #3-h°3
Et,Gey beps 162057, The aryls are crystalline solids which melt without
decomposltion: PhyGe, m.p. 236°3 (Phcﬁz)uge. fePe 1106; Mixed alkyl-
aryl compounds have intermediate properties, Compounds of the type R Go
ore stable to air and water (unless the R group ie reactive) and are’
genarully‘aoluble in organic eolventa. _

Halegens raact with the fully subatituteé germanes, cleaving off an.
ergan;c group t6 give~tha-halide»33§sxa~ Bydrogen—haliées-§re-1¢ss ‘
effective halogenating ag gents, only HF giving reasonable giél&s of Rsée?
{R = He or Et) 22). sithough it has boen reported that HBy rescts with
totramethylgermene in thu preeenue of AlBr3 to give Mesﬁoﬂr (23).

Broxine rcacta with tetrasthylpermene in a?hyl bromide te giva
Lsnﬁe“r (9hg25}g Further cloavage to give Ei, ,GeBr, doea not occur. -
Aryl groups are cleaved from germenium more rﬁad+1y, however, Tetra-
phanylge;_mae con hé converted to griphonylbremsermane. PhqﬂeBr, by
brpmine'in.reflnxinslcmrbon tetrachloride (5), or more etfectively in
1,2—dibrcﬁo€thana at room.temperaturo:(aés. In tho 1atter,aplvent 8t
reflux temperature, removal of a mecond phenyl group oqduraigiﬁing _
giphenyldibrgmgermanas PhEGQﬁié 7). Thé'aléavage by-brbmine'ot a

sories of mired tetra-alkylgermanes has baan.ekamined by qubfe and
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Hazerolles (21,28) who stated that lighter radicals were split off im
preference tc heavier ones, but that pheziyl groups were more sasily cleaved
than alkyl groups. This was demenstroted by Flood (29) who propared

dicthyldibromgeraans by the reaction schems:

Fh,GeBr

2 , + ZEtHgBr — Ph.Oekt, —3-> Et.QsBr

2 2

Organic groupa can be cleaved from germanium by alkali-metals in
sdlvents such as liquid ammonisa or tetirahydrafuran. These ékpe:i_mants
-.alad suggest that aryl groups oan be cleavad easier thay al.':;'l groups,
Caldulations from the heats of combustion of R,Ge compounda indicate
that the dissociation energy for the Ge-d bond is 32.2 !é—c_als. per méle
for PhyGe (30) and 566 k-cals. per mole in Et,Ge (31).

b} The fully substituted higher germanes.
Pully _'hbs titutsd derivatives of the higher geimanes,-R G.:(GEP b Gan,,,-

(n = 0, 1, 2 ¢eo) are generally more difficult to prepare thean mono-

germones, ac the Ge=0e bondc tend to be more reactive ‘than GeC bonds.

“The compounds- -bec-ame-—less ‘stable as the -ch.ain—langﬁh Ingreases, :
Eexapn-angldigamaue. Phﬁaez. Was i’irs% prepared by riorgan oad Drew

in 1925 by the reaction between triphenylbromgormane and scd:lum in

~ refluxing xylens (32),

EFh.BGeB:* + Ma ) PhsﬁanFh3 + SlaBr
The reaction presumably proceeds via the intermediate PhBGaNA. . Hexa-

bengyldigermans, (Phcﬂz) 325, has been mada’ by a similar reaction (3%
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but bromtriethylgormane reacts with sodium only at higher temperatures in
the absence of a sclvent (24). |

The reagtion batween triphenylgermane and phenyl-iithium has been
shown to give hexaphenyldigermane under scme conddtions (34). Gilmar and
Gerow (35) showed that moat conditions for this remction favoured. the
formation of triphenylgermyl-lithium, which then reacts further to give
the digermape. ’ | '

Phsﬁel{ + Phid ee=d» PtheLi + 06“6

thﬁgﬂ + Ph-BGeLi -? Phs(}ea + ILiH

The reaction between germanium tetrachloride and Grignard reagenta

to give monogermanes has already been describad, but in certain cases

Apﬁréeiablé yields of digormenes were slso isolated (36‘,' 37)s -Tho yields

varied considerably, hcme\m? (58) and in somo cases no digermane was
forn_xe_d,. In 1962 thie reaction was examined by Glockiing and Hooton \39) |
w‘ho showed that the coupling reéaction procesded via a gemylﬂrignu.rd

1ntemeamte. 23 the substitution of the intermediate R,GeX to give .

._. ] ~ - - - s 5"

Rhup is siow uue tﬁ us?'c raapons or ie

.su_

. reagent, then this awpc-md can reéc.. ith excesa magnesium to give the
gernyl magresius halids, RyGeMgX, which can react furthor to give the
~ digermane, _

_ BGQX

B GoX + RigX —> Ry 0e

GeX,, + RigX —

ralatively unreactive Grif!:n&rd' T
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X« . F M
Rjge Mg > Rage [13.
Rsaeugx + R3Gex —> l"t6(:‘-ta.2

High ylelds of the dipermane can be obtoined using aryl Grignard resgents
with an excess of magneeium; In the complete cbasence of free Magnesium‘
sméll amounts of the digermone can still occasicnally be isolnted.» This
' "4a formed from germyl magaesium halide which is produced by halogen-metal

exchange, a common phenomsnca inr Group IVb,.

) >

'The reaction betueen'germanium-alkalimetél compounds and a germanium

R,08X + RMgX ==> 1, ColgX + B

halide can also produce digerwanes, and this ie a ver# ugeful remction in
preparing unsymaetrical compounds: - for example:

Cefelit, + NaBr . (40)
3 3 S

PhoGelia + St,0eBr —> Pn
' Compurutively fow orpono=-substituted higher g Tmanegs are lnown.
OCctaphenyl trigermane was prepared by Krouz end Brown {51, k2}- by the
action of triphenylgermylusadiﬁm on diphenyldichlorogermona in benzena.

3 + Nall

‘b Gella + P > ph,Co(CePh,)Ger
afhrﬁefa + hZG§012 — :ﬂ3 o (Ge na)GePh

Two compounds of & terilary butsae type otructurs; triatriphenylgermyl-"

[)]
f1 4
g |
'.l
%
a
41
i
&
[+
"
&
Po
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just
Gy
[
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2
i
e
¥ )

germane and tristri have been prepared frem

thé reaction between gormanium(Il) iodide -md triphenylgermyl-lithium (43).
H2° .thﬁa JBGGH . .

Buli

FFh.Geld + Gel, —> l.L.Ph}GBJBGOLi

Mel

[Ph3Ge ] BGeMe.
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Attempts to prepara tetrakistriphenylgermylgermane wsre unsuccessful (hb),
. and no simple substituted compounﬁs containing more than four linked
germanium atoms have yet been prspared, although there is no reasson to
suspect that they cennot be made. Kraus and Brown obtained s compound
-whicﬁ appeared to bs & cyclic tetragerinzne, (the')h' in lcQ yield from
the reacticn betwsen diphenyldichlerogsrmane and sodium in refluxing
xylene (42). Recently this compound has been prepared by a differsnt
reaction and its cyélic structure confirmed (121). Reaction with iodine

followed by phenyi-lithium fives the normal testragermans, PhBGa(GethkgePﬁg

Fh -Dh
qb g2
Je—Ge T Phid _ : .
| : 2" o PhGeGelh,.GeFh +GoPh,
;‘Gé—Gﬂ Tt asioe? 3 ] 2 _
ph;’ *§pna

The reaction betwsen phonylelithium or phonyl misgnesium bromids and
" gersanium(II)iodide produces organogermanium compounds which almost
certainly have greater chain lengthe than those mentioned above (43j .

The praducts, however, ars non-homogenecus poly:ers whish contain

"3
:
3
5
i
=1
3
s
et
D
=,
N -
|2
4
(h]
o
[ ed
i+
or
3
(]
(6
(1]

£ subetitutisa (Ge, GePh, GePh., and

2 Yok Bub

GeFhy. Tetraphenylyermane is also produced).

Propertieo cf_thé,fully substisuted higher g;rmanes.

 In their physibai properties the digﬂrﬁanea-parallel the mono-
germanesi ﬁhsGea moita at 3519; wherens Eﬂéﬁez melts at 900. _The com-
" pounds are stable to udr and'uatqr{ As has been menticned above, the |

5t§eggth of the Ge=Ge bend is less than that of the Ge~C bonds, sc-



cleavage reactions usually involve rupture of the netal-metal bongd.
Cleavage of the M-¥ bond by alkali metals ie discusoed later.

Bromine rescts roadily with ReGe, to give Ry0eBr (5,24), and with
Phale, to -g;ive & mixture of PhBGaBr and Ph,GeBr, (51,42). The Ge-Ge
bonds of the phenylgermanium polyzers are also cleaVeﬁ by bromine under
mild conditions, and -this reaction, followad by alkylaticn of the re-
gulting halides by EtMghr, has been used to elucidate their structure
W3, |

2. THE ORGANOHALOGERMANES.

‘The complete series of those compounds. R GeX, R GeJ_lZ and RGeX

> 3
where R = alkyl or aryl and X @« F, Cl, Br-or I is lknown; their

'rolmwely h:.gn reaet:.viiy makes hu-n inax.crtan in synihstica) work.
_ The prcpamtion of the more highly substituted compounds R3Gex and
RaGaxa by tbe halogenatwn of fully substituted monogarmanea and di-
gemanea has been described (page 7 ) and this is thse pruermrl methiod

for thesa compoun&s. A variation of thi- method is the reaot:.on of

Yaloganz on organogﬁmnnmm nymdns. .l‘;.aa are com ;es'v-t-ed sompletely
and smoothly to the halides. Diphenylgermane is helogenated to diphenyl-.
‘dibrongermane by bromine 1n ether at 0° (27) .

‘Bh G'-HZ + ARp, Ty —> 1»"11-‘.2(33131':2 + 2HBy

The partial substitution of_ gormanium{IV) chloride by a Grignard reagont
to give organohalogvermanea haa also been mentioned (page & ). If the

R group is bulky enough to make substitution beyond R_GeX d!.rfieu].t. thon'

3
high yields of thls product can be obtained. For example an excess of
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Y-naphthyl magnesius bromide on 69014 gives meinly tri=1=-naphthylbrom-
germane (4S5). Tri-ieé-propylbromgermane can Yo made in a similar way
(20, 28).

The diréct reaction between alkyl or aryl haiides and germenium metal
proceeda at thmporatureq &hove 320°. A ooppar &atalyat is needed, the
.main products being the di- and tri~halo-organogérmanes (46),

HeCl + Ga —~=> MeGeCl, + MeGeCl,

EtC) + (g ~> .r‘:*r.EGe(?.l;2 + EtGecl.s

F#Gl.+ Ge ——> PhaGeCla

The mathod ié' of limited aj;plication as tha high r;)action temperatures
tend to cause decompositicn via the ovolution of hydrogen hslides,
Another preparative method for organohalogermanaa which involves similar
_roaction conditionz is the redistribution between R,Ge and Gau14.

: Raa013 or R,GeCl, (47, 48, 49)

e PhyGe + ;c-ecz& —>  liprecl,
‘These Teactions 7é5eééna*'€§;“ sratures augvn"aﬁﬂa_ig-tgg"piégense of T
aluvminium tric hloridu or an organo-aluminius halide. The method is
applicablo to both alky) and asyl halides, although mathgl compaunde seenm
resistant to rearrangemunt (bB). The resrrangement between tetra—nrbutyl- _
tin and germanium tetrachloride or between tetra-n-butylgermane and tin
- tetrachloride proceeda without added catalyst. (50).

- . . o . o _. - e g . . -- :
E.l“p._an 4 Gef'!.l} wes> Bu_sbn 1+ Bu(}ec]__j '

BujGe + 5nC1, —> ' Bu,GeCl + BuSuCly
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Germanium (YY) halides form a convenient atarting point in the
preparation of many lowar subsi 1tute& crganohalogﬁmanes. The roaction
between alkyl or aryl iodides and gormanium diejodide proceeds to com=-

lotion when hoated io a ssalad tubs.
P

Mol + GeI, = MeCel, (51)

Equimolar amounts of GoIa and diarylmercury react (in refluxing toluene)
to give mainly RGel, with small amounts of RG:I3 and B3Ge1 (52)

R Iis + GeIz S Racera + g

The reaction batween GeCla and caesium chloride hos been reportsd to -give
the complex salt ¢$ﬂe615. which cen reast with orgunic halides to gzive

——— EtGeC],}

' orgaaahglqggﬁmaa (53

GaCl, + CaCl —>: CoGeCl, BT

Many of the resctions msntioned mbove produce a mixture of mené-.-, di-,
-and. tr's.-;hr.alidoa and separat:lon oan often be di.fficu!.t. This is
facilitat ea, however, by two common mathods, The helidem can be
"hydrelvseu to the oxides- Hb:leh ars moye eafily soparated, and Saon teé ra-
convertsd to the halides by the mppropiiate halogen acid (#4).
- Altemmtiirelg, the haiidea ¢an be reduced using 14 thium alun‘:inium
hydride to the hydrides, which can often be aeparated by fractional
vacuum distillation, then converted back by the action of halogen.

# rgaci;:-l.on which _pfcduoes' an organotrihalogermane exclusively is the
| adddtion of trichlorgernane, HGeC1, to an olefin (28, 54, 55). Bensoyl

peroxide or chloroplatinic acid have been used as’catalyets, though somo=-
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times thoy are not needed.

GlBGoH + CH —CB(CB ) 30H3 —> 013G3(032)50H3

Anothur z'oucti.on which pr oduuea a specific hallde is the reaction between

diazomathane and GeClh or HeGeCly

this reaction proceedsd in ether at =60°.

Sayferth and Rochow (56) found that

G.eﬂlt; + Gﬁaﬂa —> (!:!.t:manfie(u3 + Na

ﬂeGaG],S + CKZHZ — CICBE(He)GeCJ.Z + NZ

Dimethyldichlorgermane does not raact with diasomethane,
Few organchalo derivatives of digormane are known, tut two phenyl
~ compounds have bgen mede by the action of lithium amalgam on phonyle

) trﬁb;qmgerame or diphenyldibromgermane (57).

2PRGeDr, + 214 —>  PHBr_Ge-GeBr,Ph + 2L4Br

al’hEGeBra + 214 we=> thBrGe»GeBrPha * 2LiBr

Also the reaction between gaermanium (II) lodide and dien<butylmercury in -

acetone gives a colid product which analyses for Bu IGo-GeIBu, (58) -

. Propextiss of the orronshalopernanes,

| The orgsnohalogermenes are high-beiling liquids or seclids (EtBGeCl
b.p. 176°/760 mms PhyGeCl, oepe 116%) and the majority can be distilled
under reduced 'preesuée without decomposition. The halides .are_.v stable to
dry air but ara slowly hydrolysed by molsture, Their stability tm-ards
both thermal dacompositwn and hydrol;rsu is in the. order I‘ > Ccl > Br > I.-

The hologen atoms appes> to have a stabilizing influenog: on the erganic



. groups of the molecules. Thuo in the reaction Letween compounds of the
“typa R"Gc (ﬁ = alkyl or m_zyl) angd halo;éns, the reac;tion ceames after one
or two R groups have been cleaved. '

Organogernanium helldes are rapidly h:,'< olysed b; dgucous or
ethanolic solutions of sodium hyd.v-ox:l.de. The germanium hydroxidom'l produced

usually condonse with themselvas to form oxidos, climinating wa'tér.
. RBGoi -> [236005_]\___ (RBGQ) 2o.

].GeX

X, - — [Raae(ori)zl_: (izacer)n

RaeX, — [rae(0r) 5 J==—==RaeC0H=——== ((RGe0) ,0)

Rochow and Allred compared the hydrolyeis éf organogermanium nalides with
__that of anslegous compounds of the other Group IVb elemants (59). In _th'e‘_ir
' 'raactiqn with water, most carbon hulides resist hydrnlyeia. and silicon '

_ hnlide_e: are rapidly and complotely hydrolysed. Germanium halides reach am
. equilibrium, _haﬁa.ver. Ion.ic- intermediates have been postulated in thease
.re'o.c'iiona (@) olthough lonisation of org;}mohalogemams in nGn;-aniEGuB

solvents doss not seem. to cccur {61, 62). Also, Johnson and Schmall,

(62} showad that the hydrolysis of the monchalideso HE X procseded via
“tho pentascvalent intormodiate R Gef ).., not via o permonium ion

- ) RBGG+5

S ox | _

. fazt Ve slow .+ -

B é _é

_R3Gsx _«} Hzoq—— !;369\011 p—— RSGOOKZ + x
&2 ‘

Attemptes Lo show the .'pi‘es ence &f 'EJhBGa" in liquid kydrogen chlerids

. saturatad with Ifh:_sc-oc_ll. were not successful (64), The carbonium ien



PhBF* is known to exist in similar conditions.

The gormanium halides react with anhydrous ammonis in s manner
similar to water. Honohalides c¢an produce the germanium analogues of
primary; secondary and tertiary amines, where dihalides produce imine type
compounds. ldke th§ oﬁidea, these tend to associate and do not givé
gormanium-nitrogen double bonds., This i= probably the case also with the
nitrides produced from trihalides and ammonia. o
| The reaction betwesn compounds of ‘the type Rj&ex and alkali metals
. €6 produce éigarmanes has been éigeuasea,' Thiz ia'thought to proceed via
an intérmediata alkaii-metal compound Ejgeﬁ, and under the correct con- -
ditions this can be thé major product, The reaction of diphcnyldichlor-
germane and sodium to give (Fh Ge)4 has also been mentioned. The reaction
" of gé;manxum trihalides with alkall meta]ﬂ is more unscufee In 1936
Schwarz and Schmeissar (h?) treated phenyltrichlorgermene with scdium -
in refluxing xylene, They iaolatod a coﬂpound which they analyseﬁ aB
(pn Ge)f. Hovever; a reinveatigation of this reaction by Hotlesica and
';Aeias (5!) usiny pntassium gave a eompound whlch contdired 1-5% of

hlariﬁe and 5-10% of gxygnn, it ia unlikely that \PhGe) was, in ;ac»,

obtaine&.

3. THE GERHARIUM HYDRIDES,

a) The simpla sermanes,

Although monogernane, GeH,, wao firat prepared in 1902 (65), it was
not until 1924 that reasonable_aMOnnts were prepgred in a pure s;ate.
Dannis, Corey and Moore (66) found that treatment of a germaﬂium-zinc'or

germanium=magnesivm alloy with dilute acids gave moderate yields of mono=
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gortiane, together with some disermane, Geaﬂs. and trigermanse, GQEHB.
Better methods have besn developed miore recently involving the reduction
of Ge0, (67) ané GaCl), (685 by sodium borohydride, yields being in the
order of 807, Lithium tri-tert-butowyaluminium hydrids also gzvea good
results (69) but stronger reducing egents aré less effective. Lithium
alurdinium hydride, for example, gives monogermane in only 10~407 yield
{69, 70), germanium(IX)chloride being produced as a major product.,

GeC].,_} + 21.'.!.1!21.!11ik —->_ .__GeClz + Ha + 21»101 + ?:1153 -

Gall. = A GQG'I_ _._._ N
Qe 14 1H3-ﬁ> GeCl, + Hz + AlECla

The germanium hydride scries has been extended by Amberger (71)

vho prepared tetragermane and pentagercane (Gekﬂio and Ge5H ) along with

12
the simpler germanss by the actien of'fO% aquéoua hydrochloric acid on a
geraanium-magnesium a;loy. ;ggrtetragermane. iso~pentageruane and nego-
pentagermane ﬁera'among th; p?oducta obtained by Drake and Jolly (?25 who
subjested Geﬁh.tc 2 silent elactrical discharge. Hormal germanes up to
_nonagermane were also @egoqpod. Separation was achiaved by-vapeu;ephase _
chromategrapﬁy aﬁé for Ldentificatiocn, vapour preésérasg in!ré;;énééectra.
.mass spectroscopy and prutcn-magnetiq ?euonance vore empibye&. Some fully
deuteratsd gsrmanes have also been prepared from a magnaaiumngarmaniﬁm |
alloy by treating it with BCl in Bac'(TB) o

The higher germanes have léwer thermal stabilities than manogermaha.‘

On'yyrolxyaing. they brealk down producing monogermane_and Vgernanvethylene'

) (Geﬂa)x. Complete breskdown to germanium snd hydrogen cccurs above 3507,
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G-H“: Bepe -90° at 760 wn. Dacomposes at 3500
N+ ] -5 ) (»}
605312= bepe 207 at 10 “ mm, Decomposes at 100

The hydride (Geﬁa)x has been preparad by o number of methods (74,75,

76,77), for example:

Calie + 2HCL w—> Ca\’}la + Gaﬁa S—> (Gcﬂa') x

>
It has a low solubility end volatility and expledes in alr. Bromination

and laGeH, + PhB ==> NaBr + FPhH +'(GeH2)x

gives gormanium(Iv)Bromide and hydrolysia proceeds acéording to the acheme

(GoH) s (neeon) ___mc__\ (HGeCI)

aq ~HOH
. Prolongaa'henting;with_agueous potassium hydroxide gives K2Coo HZ aud
Geﬂa.

'b) The partially substituted gerwanss.

Compounds of the type ROeH,, R GeE and Rjgoﬂ are well knoun. Thej

are usually prepered by reducing the correspending orguno halides, oxides

nst convenlent and now aLmat stuﬂddr‘d methaé Gf

ZEE!I

s sulphidea, The.

o

‘preparing these thrld@& i6 the action of _1thiun aluminium hyariui on &

'l

gormanium halido im ether (16, 27, 78, 79, 8c, 81).
n LiA1H ..
R GaX, A 5 p CGel,

Similar reactibﬁs using sodium borohydride in tetrahydrofuran (19) or
~Iithium hydride in dioxan (55. 82) have also been used, the .‘iields being
slightly_lower'than for LiAth_(70-9Gﬁ)a Germenium halides have been



roduced by ziac and h&ﬁrochloric acid (83), ‘hic mothod 45 of little use
as the yields are small, but it is of intercst csince silicon and tin
hydrides cannot bs reduced in this way.

The hydroiygis or ammonolysis of permyl=sedium or Llthium reagents
~ produces the equiv&lenﬁ hydrides (5, 24), and recently it hos been shown
that germyl Grignard reagents bahave similerly (39). Eethylgermgne,
HeGeHs, has been preparedlby the action of mathylicdide on germyl—sodium
in licuid ammonia (84),

ﬂaGeHB

Partialiy halogenated derdvatives of aonogermens have heen oblained

+ RI ~>  RGeil, + NaI

by the action of hydrogen hnlides on monogermans (85) amd by reactions

such as ' _ - oo -
600®

Ge + HCL ==~—>  GoliCl, (86)
Alao; compounds containing an organic group, hydrogen and a halogen
bonded ¢ a central germenium atom were recently prepared by Anderson (87)
éhp_geggggé_ﬁi~ and tri-hydrides of gérﬁaﬁium with a deficioncy of

morcurdic halide or iodins,

‘Properties of the partially %ﬁbétﬁtuted SOTRANAM,

| Thé arganogermanium-h&dridea are relativel&.stablo to air, although
oigna of oxidation have bsen noticad with PhyGoH on long standing, The
_alkylgarmanium hydridas'differ markodly'frdm the coireqponding gilicon
and fin comppundﬂ~in'their recgistance to. hydrolysis by'bésié_aolutiqng
(88).-'Tr1pheﬁy1gérﬁape, however, does ranctlwith ethanolic potaséium

. hydroxide with the evolution of hydroggn_(sgﬁ.
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The hydrogen atoms bonded to germanium are very easily displaced by

halogens (79, 27) or by alksli metals: for exsmple

ata(g_c_*amyliaey.a e St-(igo~aayl)GeHId + JH,  (90)
. othylamine ' '

The addition of germanium hydrides to clefinic or acetylenic ejstoms hae

boen mentioned (page 5 ).

Germanium hydrides ars quite strong reducing agents. Triethylgérmane
roduce -éalts of platianunm, péllndium, gold and meruury to the mstals, and
eoppar\lx}. titanium(!v) and vanadiun(V)- compounds to lower valoncy states
(78). Alkylgermaniums hydrides reduce certain organic halidee without
v'eafalysis and ixza.saléﬂtive mannér_(91):

~ PhCOCY =3 PhCHO

CC1,CO0H e3> (H.COOH
> 3

Cl(-EaCCH 3 > CH 300H3

ngm tha raaction of triphenylrermane with organolithium reagents
arises one of the most pronounced difforences betwoen aermanigm compounds

end these of silicon and tin (35). Triphenylgermanc motallnton, vhereas

the stannene and silzane alkylate, .

l?hjiii.ﬂh + R4 —> Ph,GIR « LiK

Phyfel + R4 —> Ph..’GeLi + RH

In this reapect triphenylgermano resembles triphenylmethane. The reaction

GeLi,_.

betwaen t3paH and n-hutyl-lithium yislds less than 10% of mtB
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however (92).

lh.. ORGAHOGERVAHNLS INVOLVING OTHER NON-METALS.
a) Gxidcs and sulphides. | .

Organogermanium halidos are readily hydrolybad, but thelmmediato
products « germaniun hydroxides,(germanols) - are usuolly unstable and tend

to dehydrate in a bimolecular rénction{

R, GeOH——R. CeCGoR, + H
2R3.30H.,___-R3§e08033 : a0

ﬁowever, some germaﬂolg have been iﬁqiatea in a yure state (93, 9“._5;
20, 45), Some of-thass G iPeredﬂ and (a naphéh)jgeon) are too
sterically hindered to allow the bimolecular elimination and can be pre=
- pered -without difficulty. Triphenylgermancl has been prepared_byhtha-

axidatia- o triphnny"éerﬁvl—soﬂ¢uﬁ, followad by careful hvﬂP°1Y§i§ (5).

O E20
h3 Gella =e—*> .h.GﬂONH s==s> Ph, GeOH

Garmanium analopues of ketones are unknown, and cdmpouhda.af the
type RZGeO aﬂﬁociata to polymers on cyclic olizomers. LThus {ﬁaéﬁeo); iy or

and (Fh GeO)3 hoorn (1.9%) are known. The structurcs ave prcbgblg of tae'

type:
Ph, Ph,.
2 My
So G‘(32\__ \ / \ O\
d ] - o o - Ph Ph
Ph_Ge Sie'Ph é 1 2. - Phy
' Ph,Ge GePh : R
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(PrGeG)ZO also cccurs in tetrameric fomm (995.

Other germanium oxygen compounds which have been studied include
the alkoxides and estera. These can be made by the action of sodium
alkoz;das on germanium halides (100, 101) and by the reaction between acid

anhydrides and germanium oxides (102, 103) respeotively,
nRQNa + R'a_nGeXh_-—ﬁ> R'h_nge(OR)n + alaX
12 ¢) "o '
(RBGO) 20 + (R*CO) 20 —> ERBGeCUCR

Leas is known about the sulphuf annlogues of the oxygen compounds,

but the general trends seom similar to the oxidea.

b) Nitrogen and phosphorus compounds,

The ammonolysis of organchalogermanec has been extensively studied.
-Tfiméthyisrmngerméne reacts with-amébnia in benzene to glve the amine
HQBPeNﬂa and ammonium bromide, vherean uhen ammonia i condensed onte
triethylbremgermano. (Et Ga)apﬂ 1s glven. This 45 a colourless liquid
which s rapidly hydrolysed by water to give hazaethyldigermoxane (24 .

agaB; ?aacua with NH te give the imine, Ltz

Gell, which ias prabﬂbly

tetramoric (29) rnsombling the oxide Etaaeﬁ. btngitfiﬁ?ﬁmdurﬂaﬁﬁg
EtGeBrE. is simiiariy ammonolysed tb ng§ \msGed; hiuh iz hydrolysed

by waterto the germonoic anhydrids, (EtCe0}.,0 (104).

. he conditions of the reaction betwesn triphenylbrongermane and -
ammonda can be varied to give good.yields of either Phﬁegﬂﬁa; (Phjge)zﬁﬁ
or (Ph3Ge) o (5, 105)s The amines react with hydrogen chloride to give

.triphenylchlorgermane..‘
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Recently, compounds have heen prepared involving germanium bonded
to phosphorus (106).

htzﬁeﬂr + PhEPLi — mtBGePPha + LiBr

Most of the reactions of tiis and related scmpounds which have been
studied involve rupture of the Ge-P bond,
H,0 (Et Gu) o0 + PhPH
02__g.Et3ﬁeOPOYh
\
BuLi% EtBGe-uu +."r"naPLi
el ;
Et,Gel + Ph.FMe

> 2"

ut GePrnE

5. ORGANOGERMANIUM - ALKALIMETAL cmmem}ins AND GRIONARD REAGENTS,
&) Alkalimetsl ooanaanda. | _
Alkeali metal derivativas of germanium are very reactivo speciea and
are thereforq_usoxul in synthetic reactlons. Few of the nethods of

prepearation so far tried are quantitative, however, and experimental

conditions often need to bs stringently controlled. Nevertheleas

....¢ontinued interest has been shown iﬁ thiu field sxnce Krau- and Foster

demunstrate the e"_ﬁtepca of triphénvlgermgl-scdiam in :92?.
Tripaenyl gevmvl-nndium. Phjpeﬂn. was prepared by adding tetraphenyl—
germane to a solution of sodium in liqula amonia (5).

' _..2_
Ph“Ge + ZNa > PhSGeNa + '\laﬂd * 0636

The codamide and benzene were probably produced_by the reaction betpqeh '
phenyleodium and ammonia, Hexaphenyldigermane was also cleawﬁd by -
- aodium 1in ammonia to:pkoduce triphenylgermyl—apdium. These reactions

are slow, probably duo to the small solubility of the starting matsrisls



in liquid ammonia. The alkalimetal compounds were generally net isolated
(although FPh Geﬂa.}ﬂﬁ, has boen crystallised); their existence being

demonstrated by the isolation of the products of thelr reactiona.

)
Cieavage of Ge~H bonds, as well as Ge=C and Ge=(ie, also produced germyle

&uge PhBGeNa + r4e3'5nrsr —=> Ph GeSnMeB + HeBr (s}

sodium compounds,
NH
PhyGell + Na i PhyQella + 38,

In all of these reactions involvinﬂ an axcess of alkall metal, a

3GnNa. This

was assumed to be the dimodio derivative, diphenylgermyl-disodium. This

~ red colour was observed after the formation of the yellow Ph

wqa_further investigated by the reaction of sodium in liqﬁid ammenis on
octaphenylczclotetragermana..Ph8§04 {42). The colour changes observed
indicated that the reaction proceeded by the following paths

(Phaﬂe)“ — aPha(Na)G-Ge(Ha)Pha (j@iow) — lwnzeeuaa (red)
In no case was tho exisience of these compounds confirmed by isolating

their reaction products, however.

in 1932, Kfaua aod hig co~workors turnéd their attentian to
ethylgermanium derivatives (24). The reaction between haxaetﬁyi—
digermane wnd Jithium in emmonia was mot a very satisfactory route teo
trimothylgormyl-alkalinetal compounds, as the reaction was slow, end the

compound reacted readlly with aolvont.
Li in NH,

“ts(ie --——-—-2-> Et}GeLi —L> Btgell + LiNHa
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Ethylamine proved & better solveni than liquid ammonia, and potassium
reacted amoothly to give yellow sclutiona of tri-ethylgermyl-potassium

which did not cleava the solvent.
Hemﬁhyldigcmomne (24) and triethylsilyltriphenylgermane (107)
were alsio cleaved by lithium in ethylemine, but those gave mixtures of

lithioc derivatives,

. «
Bt GeC0sEt, Ii in BN .

3 Gali + Bt_Gelli

goald + b4
4 i EtNR, -
E 8108Ph, ——rmemfin> 58,5114 + Ph,Geld

A sodio derivative of monogermane was prepared by bubbling the gas into
a solution of sodium in liquid ammonia (75), and more recently the

corresponding lithio compound has bsen made by the same method (108),

NH T

GeHL} + No ——le> HBGeHa

Germylpotassium has been propured by the roaction of mencgermane on.

potassamide.
. HH,
(leH, + EKHIL. H.GeK + WH, (90)
) 2 . 3 .
Glarum and Kraﬁs_:’:n*;ééﬂgat&ﬁ the rsaction between aodium in

ammcnic and lithium in ethylamine on many other mgr-anium hydrides (90)
in HH

¢vgs Etlolly 22, BtilGeNa + 3y

‘Oféen the amount of ﬁydroged given uéq 1@35 then the ata;gbiomatry

required but gome reections were Quantitative:

. L4 in EtNH, _ .
~ (iso~Amyl)tGeH,, > (iso-Amyl) EtHGeld
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An important advance was made in 1955 whon Gilman and Jercw pro-
pored triphenylgermyl-lithium in an ether solvent (109). HRoxaphaenyl=
digermane, tetraphenylgerciane and triphenyldhlorgermane all react vith
lithium in 1,2~dimethoxyethane to give triphoaylgermyl-lithium in yields
of about 653

PhGGe + 214 > ZPhBQQLi

A large excesa of lithium (preferably finely divided) and the minisum

af ury, peroxide=frae golvont are rnecessary to initiate thg reaction.

After an indu@tion.pe:ion \uauaily-fram S minutes to 3 hours) the resction

proceads smoothly ét roeﬁ.temperatura over about 2 hours. When tetra-

phonylsermané'is usedg_tha phenyl-~lithium nlso.péoduced reacts with the

_ sdlvent muck more rapidly then the triphenylpermyl-lithium. Triphenyl-

. bromgermane (110).and triphcéjiger&éno (511) aléofreact with litﬁium.iﬁ
1y2~dimethoxyethane ﬁo give.tripﬁppylgeruyl-lithium. The halides

. probably react via the int@rmediété formation of hcxdphen}ldigarmane;

o The clsafa&e by alkalimetal- of hex““hvnyldigermang has been

. examingd under a nnmber o! condit_gag‘ﬁjﬁ)ﬁ At reflux temperaturas, ne

.uaatiCq wan prednceu hy audium in xylens, caaalum in ather, or by a

1e5 5adlgmeyctasuiam alloy in diqthylether. di-nrbutyle;her. benzene or
xylene. - Yields of 60%-o£'ur1phenylgormy1 potasaium wera produced by

cleavage by the aodium-potagsium alloy in ether whon an init iutog.

(tetrahydrofuran, tgtraphanylgermane, or phenylbromide) was added,

hovever, .- | |

In another similar series of experiments Gilman and his co-workers

’.examihed.the cleaﬁase of orgenic éroups other than phenyl fron'germanium_
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by alkalimetals {112). Evideance was obiained that phenyl groups were
cleaved more easily than others. then mixed alkylarylgermsnes were

reacted with lithium in monoglyme, o phonyl group was eliminated,

Ii in monoglyme

(ﬁﬂc,‘sﬁ JPh_Gs {(a~C 85 JPh uuLi

3773
(PhCEaG 2)?113&9 . = - (PhCH CH )theax.i

Gilman also examined the reébtion.of lithium or sodium-potasaium alloy on
other fully substituted organogermanes. In no cases was positive evidence
for germyl-alkalimstal cempeandn fcund. tut in many reactions (for example
totraethyigermane with 1:5 Na=X alloy) no starting meterial was fecovared..
In tﬁa reaction hetween tetrabenzylgarmane and lithium in 1,2~dimethoxy-
othnne, a brown coclour developesd, which was discharged on addition of
.ethylbrom:l.dee Ne pro—ducr. wa:s isolate&. however. Tho first part of thiu
thuais describea a re~oxam1nat1ﬂn of this reaction.

Anothar method which can produce geod yields of triphenylgermyl-
-liﬁhium in the reaction between triphenylgarmane and an organolithium
reagent in ether (33). n-Butyl-lithium has beon reported to givo almost

usntitative yields, but phenyl<lithium and wethyl-lithium give some
tetraorganogermane as well. | |

Ph Lel + Buli —=>  Ph,Geld

3
PhBGaH + PhLi —— PhjpeLi (8&5) + Pﬁhpa

Ph3GeH + neu s> Ph3GeLi (8%) + Ph 3G.a:&e
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Earlier, the reaction between Ph,Geil and FhIi had been repoéted to glve
either Ph“Ge on Ph.Ce, ﬁnde; more drastic conditions (34). The metallation
reaction does not appear to b general to all crguncogermanium hydridea,
however., Triethylgermano givea only 10% of EtEQoLi with n=butyl-lithium

(92), although-(Phjge) GeH and (a-Naph)MePhGeH both react emoothly to

3
give the lithio reagent in good yield (43, 113). The reaction between
alkyl-lithium reagents and germanium hgdridee is also further exanined

in the present work.

Properties of the alkali metal compounds,
Solutions of triphenylgermyl-ﬂodium.iu liquid ammaniu are yellow

or orange depending on the concontratlon. and Ph Geﬂa.}HHB can be

3
orystallimed f:om_these.solutiona. Triphen;Lgermyl—llthium ig genarally
brovn in 152-dimethoxyethane, but yellow in diethylsther. The sermyl-
alkald mstal compeounds are very r*mil_r to organolxthium reagenta in
their.reactions.
Triphenylgermyl—oodium reaots rapidly with oiygen to rive the

éﬁfmﬁal'GMtﬁ';‘(5)"e' - Coe -

| PhOslla + (0} —>  Fh,GeONa

Reaction with moisture or acids (2.5, NH,C1 in NHy) converts the
alkalimetal compounds to hydrides..

?HBGQui + HZO —> Phapeﬂ + u10H

. Carbonation of a solution’ of triphénylgermyl-potassium produces, aftor

-,»acidifyins. triphanylgermyl carboxyizc aclu. Ph,pecccﬁ (11 115); This
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compound decarbonylates on heating, giving finally haxaphcnyldigermoxane.

Ph,GeCOOH

PhGeCO0H 2000 (Pn,Ge0R] - RS Ph,Ge0C: 0GePhy 230%, Ph,GeCGePh,

Several esters of this acid are kmown., Methyl triphenylgermylcarboxylate,
for example, can be made by reoaction with diazomethane.

PhsﬁeCOOH + Cﬂéﬂa > PhjpeCOOMe + ha

This ester also decarbonylates at high temperatures (116)

. [~}
Ph,eCO0Ne 20 PhyteCtie + CO

The reactions of triphonylgermyl-lithium with certain olefins and
carbonyls have already been mentioned (page 6). The reaction botween
triphenylgermyl=lithium and azoxybenzene has also been atudied (117).

The first step is reduction to azohenzene; whick thon reccts further

Ph Geldi + Ph!"-g; Fh =—> PhNal{Ph + Ph,GeOld

3 , T3
' 7 RS "
| 2 |
PhN=aNPh + Ph GeLi == PhNeNPR w———> - PhNHNPh
¢ &ePh

G P
| 3 oPhy
With math w1 triphenylgermyl cerboxylate or diethylearbondate, howsver,
ingtead of sdding scress the carbonyl double bond, Ph.Gell produces

hexaphonyldigermane with dscarbonylation (109).

PhBQeLi + PhjgeCOOHe — PhsGea + CO + 1iCle

2Ph30e1.5. + (£t0) 2co rcnaly, Ph6Gea + CO + 2LiOEt
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Triphenylgersyl=1ithium undergees hydrégenpmetal exchange with
vaeidic" hydroocarbons (14). For examplae fluorene is metallated in the

9 position.

H coOLi

Somé of the raactioné of germyl—uodium. ngeﬂa, ars anomalous due
to the germanium hydrogen bonde (75). The action of heat causes do=
cqﬁposition to NaGe alloy and hydrogen, and oxygen reacts with the Go-H
bonds a3 well as the Ge¢H§ liﬂk - |
The reaction between germyl-alhalimetal compounds and organic halides

uaually glves rise to the expected caupling produﬂtsu. For example?

PhBGeNa + PhBy ——> Ph“Ge ' (5)
(c13337)vh Gold + phcnacuam (, 8“ YPh c;ecrrzcn Fh (112)
Bt (Lmayl) HOOLd & UtBr = B4, (4~Aoy1)Gell - (90)

Reactions with Gro: up IV matal helides alse usyally proceed 4n a dlumllar

Ehsﬂeﬂa + ifa..uilﬁr — PhB{Z—;}SnMe

ZPhBGeNa + Ph?_GaClz ——> Ph?’Ge(PhZGe)GePh

3 | (5)

s (42
5 )
-A common complication, however, is halogen-metal ethange,»ISubsequant
soupling resctions can give a mizture of.prcducts. often difficult to
separate. The reaction between trﬂphnnylgermylupouaasium and triphenyl—

chlorsilane (115, 118) 15 an example of this.
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Ph,GeK + PhjsiCl.——b Ph GeliPh

> 3 3
Phjaox + Ph;SiCl — Phjﬂocl + Phjﬁix
PhsGeK r PhBC;eC]. > I?hé ie,

Ph3$1k + Ph3§161 ——> Ph5512

A more recent example of the synthetical value of sermylalkalimetal
compounds is the coupling of triphenylgérmyl—lithium‘with‘certain

trancition-sotal halideo to give germaniumetransition metal compounds (119).
Mo PAUCL + Ph,Geld —> HeBPAu'Ge‘PhB + LiC1

b)e Gripnard reagents,

Conpared with the alkali meﬁél cﬁmpouﬁds, ﬁuch leas is kﬁown about
ngﬁyl Grignasd rﬁagéhta. ¥o method has yeg been devised which can
produce a good yield of RjGoﬁgK for subsequent reacticn, but very strong:
avidencolis dvailablé.théﬁ theéo-éémpounas é;iét ns intérméaiatea-in-
‘many systens, |

Attempts to prepare tr;nethylgernyl—magnesiun chlorids by rnacting

"he}pab; i th rpta&xiu wosnesium 1311 (37} Ihe reagtion ueuwpon an
organoxlthzum reagent and triphenylg ermane to give tr1phony;germya-
1ithium has been descrﬂbed (page 28) and Gilmen @ .ia ea=werkers
attempted to carry @ut the equivalent yreaction: -

'mi_gx + Ph.Gell —>  Ph,GeligK + B
Allyl- and n-butyl-magnosiun halides failed to react in refluxing
dietbyl ether (35). ‘The use of tetrahydrofuran as a solvent was ﬁore _

sucéasqful. however. Carbonation after a reaction using allylemagnesium,
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chloride gave soms triphenylperwyl carboxylie acid. OSome 4-hydroxy-

" butyltriphenylgermane was also laolated from a cide reaction involving
cloafagt of the solvent. Uhon phenyl or allyl Grignard reagent was used
au the metallating agent, only the clmayage preduct was cbtained after

_ rafluxing for 2 days (120).

CH--CH :
2 e HEO
PhBGaMg{',l + I | m—> PhBGe(CH ) “_Ochl > Ph Ge(C‘{ ) OH
: CH H
2 /2
Na_r-ac on was reported for n-uutyx-magneaium nalidea.

In the reaotion betveen v;nyl-aﬂguesiun bromide and GeClh. ;éyferth
isolated (Vinyl) yGe and (Vinyl) Ge,, and he postulated (Vinyl) 4GaMghr
as an intermﬂdintc (5])= Whe react*on hebween 1=rrHsBr and Geblu has

:produced i-FrBGeH after hydrolysis and this ranction hag been nasumed to
procecd via iu?rEFeMgBr (2?2. Recently Glockling and Hooton (39 .
showed that germyl Grignard fengente wvere produca& as intermadiaﬁes iﬁ the
reaction of ar}l Orignerd reapents and.GaGlh'té yrbduce R¢Ca, (aee page 9 ).
?é???-?{?_?f?éE?eé pri@a:ilj by tho reaction between an intermediate
-orgaﬁegérmanium halideiand'thc.réactiv¢ magneﬁium ipft after the formation

of the Grignérd rengent, but alse by halogen-metal exchange (to 2 lesmsor

extent).
'R3Ge}€ + Mg — Rjﬁaﬁgx
RBGeX + R'MgX! —>  R,GeMgX' + R'X

" The presesnce of the gérmyl Grignard reagénts in reactione which wers pot’

- _allowed to prdceed to completion was shown by hydrolysis or carhonation.
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HZO

(o=tolyl) 3G'eMgBr —>  (0=-tolyl) . Gell
RO

3
2

(p=-tolyl) }Ger-igBr + 00, =S (p=-tolyl) 3Gecooa

C. Organic Compounds of Divalont Platinum,
Although organic compounds of platinum(IV) have been known since

1909 (122), compounds containing divalent platinum sigma~bonded to carben
were firat isolated only a few years ago (123). Siace then a large number
of thermally‘atable hydride, slkyl and aryl complexes of platinum(II) have
been prepared, and these afford some interesting comparisons and contrasts
with the germyl-platiﬁum complexes described in the second part of this

theeis. All of these compounds involve n=bonding ligands, and u'knowledgo
of the coordination chemistry of divalent platinum is necessary to explain

some of thelr propertics. -

i. COORDINATION COMPLEXES OF PLATINUM(II).
(a) Structure,

Stable coordination complexos of the types Ptxhz', PtLX, , PtL.X.,

3 22
Ptij'+ and PtL42+ (where X 45 an anionic ligand and L ia a neutral ligand)
are known, They are a2ll sqguare pianar and diamagnetic. A few cctahedral
complexes of platinum(II) have also been characterised, but always four
of the ligands in a aquare configuration are closar to and more strongly
held by the platinum than the other two. These structures are explained
by the arrangement of the platinum 54 electrons.

The free ion Pt2+ has eight elecfrons available to occupy its five
degenerate 5d orbitals; and these should be distributed to give ﬁho least

spin=pairing according to Hund's rule. In chgmical compounds, however,
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free Pea* is unknown; the icn is alwaye solveted or complexed. In the
ensueing elactric field the deganeracy of the outer d orbitals is lifted
and the electrons are located in the low energy orbitals with spin=pairing.
Thus the dq' dyz' d?-x
dxa_ya orbital is vacant.

end dEZ orbitols each contain two electrons and the

Distribution of elactron density in the five d orbitals,

The vacant de?_ya orbital leads to a decreass in nuclear shieldipg
in the directions of the x and y ébordinates, allowing four ligands to
appronch the nucleus more c¢losely in these directions, Alternatively,
for.covalont bonding, the dx?-gg orbital is available to form sqvare-

planar dsp® hybrid orbitals with the 6s and 6p orbitals.

{b) ‘The trane=affect.

The square configuration of 4=coordinate platinum(IX) allows com=
plexes of the type'Pthxz to exist as either gig or trans éﬁomet:ical ]
isomers. BRoth isomers are known for most complexesy indeed it was
mainly the discovery of theae.geometrieal isomers which lesd to the idea

that their structure is planar,
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An examination of ligand replacement reacticns in these compounds
shows that the ligand situated trans to the leaving group has a.great
influence on its stability (124) whereas the neighbouring cis groups have
a relatively small effect.s The classical illustration of this 4is the
reactions leading to the iasclation of trans (NH3) PtCl by Reiset in 1844

(125) and cis (NH;),PtCl, by Peyrone in 1845 (126). Reiset heated the salt

3’ 2"
[Pt(NH3)43C1Z, liberating two NH; molecules and replacing them by C1l™ ions.
] i
HEN\\ /’»33 \\. // 3 H}ﬂ\\ ://Cl )
P pt\ —— / — P P:-\k {iraus)
' WL c1 1 c {
Hjﬁ IHB N!B 2 K3
In the second step the ammonin trans to the chloride ion 4s replaced more

readily -than the ammonia opposite ammonia. A similar case is Feyrone's
2=

reaction from which the ¢is compound is obtained by treatiag Pt01& with
a buffered ammonia solution.
Cl Cl. Cl. NH cl NH
e ./ N~ 2
Pt — /Pt\ —> Pt (cia)
Ccl \\Cl c1 Ccl Cl \\HHB

‘Here the chlorlde ion opposite snother C1” is labilised, rather than the
one irsus to HHB. A chloride don hos a greaéer labilising influence than
ammonia on the group trans to it: the "traus effect” ordsr is C1™> N
Similar studles have allowed a series of the rélativq Etransg effects
of ligands to be asssmbled. The usual order is cH"._ €O, CH,, HO >
SC(MH,) 59 PRy, SR, > uoz‘ > 17, 8N” > Br > CL” > HH,, py, RNH, >
OH” > H,0 (127). The importance of the trans effect in the synthesis of

platinum complexes was recognised by Chernyaev (128). With the ability
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to predict which group will be replaced, different isomers can be produced
ofton merely by reversing the order in which ligands are added to PtCl,‘Z-.
~ Chernyaev demonstrated the principhds involved in his synthesis of the
thres posoibls icomers of . (PN 'ijy\r"' OmH Ga]CI in 1926,

There are limitations to the application of the trans effect in this
manner. The leaving group and entering group in ligand exchange reactions
have an influonce and small variaiions in the normal trans effect order
can ogour. Also, certain systems are able to isomerise, leading to un-
expected products, For example, as the relgtive trans effects are PR3>
C1”, ¢is and trans (R3P)2Ptf31 should be obtalned by the reactions

R,P PR R c1 PR
3 3 o= A / Rs 3
\Pt/ -k, \ -9-]-'—-> \Pt/ (cis)

VRN / \ N
R,P PR3 PR, c1 PR,
and
c1 cl c1 PR c1 PR
P 3 RP 3
>t/ -3—-> >Pt:/ —> >t/ {trana)
cI \c_J. Y \_01 R,P _\1 . |

3.
It was found, however, that either isomer can be obtained from either
‘system. The reason is that when an excess of phosphine is present,

iaomariation can Goour,

3\ c1 3\ / By /”R
/ \ ~ / \ < / \
PRy | PRy PRy

In solution the trams form is thermodynamically more stable than the cis
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form, and io present to a greater extont at eguilibrium (129), If excess
Ptclha- is added to remove the phosphine and frecze the equilibrium, the .

trans form can then be erystallised. YWith excess PR, present the equilib-

>

- zium 15 maintained mnd the less soluble cis isomer crystallises. This

method of synthesie can also be applied to arsine complexes (130).

As defined, the trang effect io a measure of the trams labilising
ability of a given ligand.relative to other ligands, An inorease in
reactivity could come about by a lowering of the Pi-X bond strength (where
X ie the leaving group) or from faciors loadimg to a decrease in
activation energy for the'rongtiop. The trans effect series has been
supplemented by various kinetic studies and physical measurements in
attenpte to explein the phenomenon,

The rates of several reactions of the type tPt(trién)X] + Y —>
[Pt(trien)¥] + X (whero(trion) = HHCH,CH NHCH .CH R

208,
(131, 132) ond the results show differences of 10° for different X groups,

) have been measured

although the trang ligand ic the same in cach case. The rates tend te
decrease with inereasing bond ctrength of Pt=X, Further kinetic studies
(131, 132, 133) indicate that the reactions are first order with respect
to the entering group, Y, and that tha relative effecct of differen? Y
groups on the rate of reaction gives a series similar to the trans effect
order,

Thege and other observstions have led te the conclusion that the
ligand replacement reactions proceed via an anz mechanism, probably in-

volving a trigonal bipyramidal intsrmediate (127). For examples .
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(¢) Fhysical consequences of the trans effect.

The effects of-ligands.on the strengths of trans Pt-X bonds have
been compared by various physical techniques, the moat important being
‘X=pay studies and infrared apectra.

Changes in the bond length of Pt-X brought about by char.ging the
trans éroup have not heen extensively studied, but the structures of some
kecoordinate platinum(IX) compounds have bsen elucidated by X~ray methods.
Differencos .in bond length resulting from the irans effect are small and
precise measurements are- needed. For example in the compound K[Pt(NH3) 013]
no significant difference was found in the bond lengths of the Pt=Cl
bonds trans to Cl or NIl (i34). .However, for the.corresponding compound

..K[Et(E!HB)BrBJ the Pt-Br distance trans' to iH, in 2:42% (nesr the sum of

3
the atomic radii) but the bond trems to Br 4s 2-78. Similar lengthening
of Londs opposite ligande of high trans effect has boen detected in the
anion of Zeisa's salt [pt(czﬂk)c131' (135) and its Lromine analogue
[Pt(Gaﬂl’)BrBJ- (136). The structure of trens (EtBP) SPt(H)Br has alse
been determined, and the Pt=Br bond length is longer than normal (137).
H 4is knowi to have & large trans effsct. |

'I‘hese reaults indicate that groups of high trans effect wesken
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‘(and thereby lengthen) the Pt-X bonde The Pt<N bond length in trans
[rt(c 1)) (NHMe,)C1,] is anomalous in this reespoct however, Although
opposite a group of very high ;;ggg effect (ethylene) tho Pt} distance
is ossentially normel (138). The difference batween the effect of the
trans éthylena in this compound and in the halogen compounds meniioned
above can be accounted for if the trans effect of = bonding iigands ie
due to modifications in the n bonding system. Nitrogen has no n bonding
character here, whore eﬁlorinﬁ and bromine msy have.

infrarud measurements, mainly by Chatt and his co-workers, have led
to 1nfofmation on thé relative streﬁgth of Pt-X bonds by various rontas;
Examination of the N=H stretching frequencios in the ssriss of compounds
trans [PL(NHR,)C1,] leads to tho rolative strengths of Pt-H by the
. following argument (139): v(NeH) increases as its bond utrengthlinéréaaeé
because the N atom is more negative. Therefore the Pt-N bond is veaker,
~ beqause the N is with=holding its electrons from platinum. The reasults
indicate that the Pt=N bond strength decreases ss the electécnégativity
of the trana ligand, L,_dggraéqqéi and that thic aériqn roughly parallels
tho trans cffect series, Ithyleme is again exceptional:s falthough 4t has
a large trans effect it does not reduce the Pt-N bond strength. The
position of tertiary phosphines in this éariea is alst rather anomalous
,compared;to the trans effect cories, |

More direct infrared evidence has been cbtained from a series of
platinun hydridea. trans (RBP)aPt(H)X. (140) . v(Pt—H); which falls at

about 2100 cm.ft deoreases with ligands of increasing trans effect,



supporting the view that the labilising effect is due mainly to the
weakening of the Pt-X bond. Recently, improved spectrometers have oponed
regions of the far infrared to study, and examinations of v(Pt=Cl) and
v(Pt=Br) have beon made (141,142), The results obtained are similar to
those obtained from v(Pt-B): they also demonstrate that CH3'. Ph~ and H
have very high trans effects. Once again, evidenco was obtained which

indicated that two mechaniems werce operative to produce the trans effect.

(@) Interpretation of the trans effect.

The avallable chemical and physical evidence on square=-planar
platinum(IX) compounds indicates that the trans-effect is trannmitted by
more then one mechaniem. The many theories which have been proposed
have been summarissd by Besolo and Pearson (127). Esaontially they can
be classified into two theories.

Thé-polariaation theory has developed from an idea by Grinberg (143)
and is necessary to explain the high trans effect of ligands such as H
and CEBE whore n bonding ie unlikely to contribute. The theory begins
from the conﬂidernéion thék—the primary charge on ﬁlatiﬁumtfi) viil
induce a dipole in the ligund L, which im turn induces a dipols inm the

metal atom which is unfaécurable to X.
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Tho orientation of the dipole repels charge in X and weakens the Pt-X
bond. Recent extensions of this concept involve covalent bondinge. The
theory accounts for the parallel in the trans effeet and the polarisa=
bility of s ligands It also correctly predicts that the effect should be
greater in platinun(II) than in either palladiun(II) or platinum(IV), as
theae nuclel are lesa pola.riss;.ble. The effect i5 stereospecific to the
Yrans group.

The second mechaniom ié required to axplain the high‘ trans effect
of © béﬁdiﬁg ligands such as gthylene. FPhysical measuremcnte indicate
that the trans Pt-X bond is not woakened, and it seems reasonable to

sesk the explanation in the n bonding aystem.

R3 sz - &Pt‘ X Qverlap in dn bondins

Chatt (144) has polnted out, however, that n bonding will lead to charge
removal from the I't nuclous ond this will probably stabilise the othor
throe groups, rather than labilise the trans group. The current |
explanation, therefaré, is that n bonding ligands have high trans effects
not by weakening the Pt-X bond but by stabilising the transition state
for the reaction (144,145). Thus in a 5 coordinate transition inter-
medinte of trigonal ‘bipyramidal structure (see page 39), n bonding to L

.will reduce the electron density towards both the leaving group X and the



entering group Y, correctly predicting that the propertiecs of Y and L will

affect the rate of reaction in a similer way,

(e) Other aspects of tho chemistry of platinum(II)

Although the moat important consideration in the reactions of

platinum(II) complexes is the trana effect, ligands in the gis position
do exert & small influence. v(Pt-H) in trans (RBP) 2Pt(ﬂ)x vériea slightly
with different phosphines, increasing electron withdrawal giving a higher
stretching frequency. Also changee in the rate of reaction of systems
varying only in ggg ligands have baeen noted,

The oxidation of square platinﬁm(II) compounds to octahedral
platinum(IV) compounds by oxidising agents such as halogene or 3202 has
been known for many yearsi . the two additional groups add above and

below the square (146).

Br
Py NO B py_ | _NO
2 r 2
>F"t< —2 -/\P't/
Cl NH cl |\NH
Br .3

The steric course of this reaction has bean utilieed greatly in
synthesiming platinum(IV) cemplexes, although it does not scem to apply
to certain organic compounds discussed later.

Another class of platinum(II) compoundo worthy of note is the

. binuclear complexes,
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The bridging groups ¢an be halogens, thio~ccmpounds, phosphines or
arsines, lLess is known about these compounds than the mononuclear type,
but they display some interesting stability reletionships, and some
aromatic character has been ascribed to certain of the four-membered

rings (147).

2+ ALKYL DERIVATIVES OF PLATINUM(II).

The addition of an electron to an antibonding molecular orbital
fraquantly loads to the rupture of the bond. Hetal;halogen bonds iﬁ
complexes of the types montioned are usually.vory polar and any bond
dissociation is likely to be ionict

==1Lpt’ + X

The -halogen will probably detach itself as an ion (or remain as an ion
padr) ond the process éan réverse vhen the anti~bonding orbital is
vacoted. HMetal to carbon bonds tend to split homolytically, howsver, and
the resulting free radical, R will react irreversibly with a neighbour
ing molecule, and the complex decomposes. The eritical factor goverming
the staSility of transitionemetal to carbon bonds is the energy differsnce,
A, between the higheat-onergy occupied orbital and the lowest-energy
antibonding orbital. Thie is illustrated by the simplified energy-level

diagram for planar Pt(II) complexes below,
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dspa antibonding orbitals

AE
00 a
Xy
o—o o—o a,, ond d_
o—& de
]

- 66 o —6e 00 4.2 bonding orbitals.

‘For simple transition-metal organic compounds it is conaidered AE is
too small for stable bonds to result (148).

It was realised, however, that 4k may be increased by loworing the
energy of the occupied d orbitais (the dxy orbital in particular fbf
platinum(II)) by allowing them to overlap with n bondiné_ligands. Chatt
and Shaw (140, 123, 149) ismolated a series of alkyl, aryl and hydrido
derivatives. of platinum(IT) with tertiary phosphine ligands,  These
ligands are particularly cuccesaful since they ars ralatively strong -

donors and have pronounced n bonding aseeptor propertics.

(a) Preparations.

In general, wono- and di-allyl derivatives of platinum(II) can

be proparsd from & Griganard or organclithium reagent and the halide cia

‘I
L

or trans (23?§2?txa ;nfether or sther=benzone soluticn, Ceé-lexa- of the

type (RyF) PLRY, and (R,P),PER'X have been dsolated where R = Me, Et,

2
n-Pr or Fh and R = Me, Et, n~Pr, n-Bu and CH_Ph (123,.149). Donors
. other than tertiary phosphines have bsen used, such azs RBA§ and nas.

The Grignard reaction appears to involve a series of equilibria,

giving a mixture of products (with (Rsp)aPtREX as the major part) even
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with a large excess of R'MgX, Organolithium reagents are mors suitable

for preparing the fully substituted compounds,

cia (56,2),PcL, + 2Motd ZEs  cia (Bt,P) Pive, + 214C1

2 2
The products of these reactions have the configuration cis (RBP)ZPtR°2
and trang (R3P)2Ptn'x whatever the configuration of the starting material.
Attempts to isolate trans (RSP)EPtR'z have met with failure, and cis
¥ 1 9
(RSP)ZPtR X is best prepared by reacting cis (RsP)aPtR 5 with one mol.
of dry HX. Ae expected, the cis dihalide is more reactive in these
properations, tut the trams starting material gives higher yiélds in
preparations of monoeallyl derdvatives,
The moncmethyl derivotive trana (Ph3?}2PtHuI can also be prepared
by the reaction between methyl iodide and the platinum (0O) complex,
(PhsF)Fte
(Ph,P) 4Pt + 2oL == - trens (Fh,]

3P

This reaction is rot generally applicable to other alkyl groups. For

} Pl + [PhyPNelI
exanple athyl jodide gives a very poor yleld of (PhBP)aPtEtI, and
beﬁzyl io&ié@ produces a mixtufe of producta, o

Triphenyimethyl sodium, cyclopentadienyl sodium, cyclohexyl
magneasius bromide and Be-styryl magunesium bromide failed to give stable
organo platinum derivatives with cis (Et3f02Pt612, Tre hydridoplatinum

complax, trans (EtBP)aPtHBr. was imolated im both cioses from the resctioms

with the Orignard reagente.
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(b) Properties of the alkyl-platinum(II) complexes.

Alkyleplatinum(II) compounds stabllised by tertiery phosphines ore
remarkably inert, c¢olourless and usually crystalline. They are soluble
in organic solvents,; stable to ailr and water and are not hydrolysed by
dilute acids. cis (Me P) 2PtMe sublimes slowly at 110° in air at 1
atmosphere and ggg’(bt P) SPtHe, can be distilled at 85° /10 The
higher allkyl and benzyl derivatives are less stable, however.

The reactions of the alkyl platinum compounds are usually of Lwo
typee: reactione similar to normal platinum(II) complexes, such as
icomerisation and oxidation to Pt(IV) compounds, and reactions involving
cleavage of the alkyl groups. _

Cis (B¢ P) PtMeCl in benzene seclution is raﬂidly converted to the
trans isomer by a trace of free phosphino. The " ligand of the trans
inomer is very labile and can be replaced_by other halides, thiocyanate
or nitrate groups on treatment with the corresponding alkali-metal or
silver calt,

trons (Et3P) GPtHaCl + LiBr —~>  tramg (Et,P), PtéeBr

In controst to the alkali-metal halides, magnesium iodide in ether
reacts t0 ¢leave the alkyl groups giving Grignard reagents and the
frang platinum iodides.

ol (FtsP) Ptie, -M—g}-g—» trans (F¢,P) Ptl, + trans (Ct,P) Priiel + HeMgl
There is evidence that the first atep in this reaction is oxidation to
a platinum(IV) compound, since a precipitate is initially produced but
all the products are soluble in ethor. Hydrogen chloride and icdine also

cleave the metalecarbon bond, the former producing cis isomers and the



latter trane,

HC1

cia (EtBF) JFikie, === cis (Et;P) PtheCl + CH,
, 28C1

gis (Et,F) Ptie, &=5> cig (EtsP) SPtCL, + 2CB,

1 .

gis (Et.P) Ptdo, <S> trans (Bt,F),PtMeI + Hel

b

2 -
trans (EtsP) 2PtMeI el trans (stP) aptxa + Mel

Unlike iodine, chlorine reacts with the dimsthyl platinum complex

2720
between trans (EtBP) sPthel and methyl iodide at 100° gives a similar

to form a stable platinum(IV) complex, (Et3P)2PtHe Cl,. The reaction

complex, (EtBP)ePtMeala. Dipole moment studies have cetabliched the

struoturs of these compounde as elther

EtP Me : Et~P | X
I N or 3 N
/

= —x

The methyl iodide in (EtSP)ZPtMazxa i2 loosely held and san bs resoved
et 59°/10-a mm, or slowly 4in beiling solvenise When heated at 100° for
20 hours in a sealsd tube, cleavage of the msthyl groups ocours.

(EtyP) Ptie I, —> (EtBP)EPtIa + CHe.
Methyl icdide dosas not react with trons (utsl’) PUI, under aimilar
conditions, and with cis (Et3P)2 Ptie,, a mixture of products ies given.
The benzyl-platinus derivative cis (Et,P) ,Pt(CH,FPh), reacts with benzyl

jodide to give bibenzyl,



" (
cis (EtBP)th§CHaPh)2 + 2PhCHzI ~=> trans (Et D) PtIZ + ZPhCH2Cﬁ2Ph

2 ARYL-PLATINUM COMFOUNDS,

In 1959 Chatt and Shaw reported the isclation of several aryl compounds
of platinum{II) (149). By ccomparisen with the allyl platinum complexes,
the increased stability and the higher dipole moments of the aryl complexes
indicates that a certain amount of n=-bonding occurs from the platinum
d orbitals to the "aromatic' orbitals,

The preparation of these compounds from Grignard or aryl-lithium
reagents is.gonerally easier than for the alkyl complexes. Both ¢is and

trans isomers of (Et3P)2PtPh and (Etsp)aPtPhx can be isolated., Cis

2
(EtF) P01, roacts with PhI4 at 20° or PhMgX at 80° to give cis
(EtjP)thPhaﬂiﬂ geod yleld, The corresponding trans halide ic more

sluggish ip reaction and gives a mixture of ¢is and trans products. The
mono-aryl compounds cis and &;gggv(EtBP)gPtPhCI are best obtained by
cleaving one aryl group from the diaryl compounds with HCY in dry ether.

A supply of trans (bt P) PR, for conversion to tramns (Et,P) SPEPRCL
is usually difficult to obtain, and trams (Et D)aPtPhCl ie therefore better
prepared from the g¢is isomer, which io rapidly converted to the grans
form when a trace of free L+39 is addﬂd to the scelution. This igsomerisation
strongly supports the view that the reactions progeed by ionic inter-
nediates such as [(EtBP)ﬁptPh301 rather than by a five-coordinate inter=
mediate, 'as complexes of the type (EtBP)aPtPh which dc not contain an

2
ionic ligand do not rapidly isomerise under these conditions,.



The reactions of the aryl compounds of platinum(II) are similar to
those of the alkyls, but with a few exceptions. In contrast to cis
(Etsr)aPtMea. which loses a methyl group by reaction with one molecule of

iodine, both cis and trans (Et,P)ZPtth add iodine to give the same

stable Pt(IV) deriwvative (EtBP) PtPh._X

2 2 2°
structures of these platinum(IV) complexes (below) have been deduced

Chlorine behaves _aiﬂilarly. The

from their dipole moments,

Ph
X
et P |~
P
Ph I \PEt3
X

The oxidation of (EtBP)ZPtPh2 to a P£(IV) complex follows a different
course to the oxidation of inorganiec Pt(II) comploxes, where the entering
grbups attach above and below the plane (146). Methyl iodide rescts with

both cis and trang (EﬁBP)EPtPhZ to give a wixture of products.

4. HYDRIDO-PLATINGM COMPOUNDS,

La ]

The dimcovery of & stable hydrido-complex of platinum; trans

(Etsp)aPtHCl, was announced in 1957 (150), and thisc waz followed by the
study of a series of compounds of this type (140). The hydrides are
romarkably stablo, hydridic rather than ncidic in character, sand are |
resictant to oxydation and hydrolysis. Studies on these compounds and
en hydrido-complexee of other Group VIII metals have shown that as a

ligand, H~ has both a high ligand field strength and a high trans effect.
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Although attempts to prepare compounds of the type cis (RSP)ZPtHx
have met with failure, the dihydrides (R3P) SPtH, (151) and
(REP)HPt(PRa)th(PR3)H (147) have been isclated, Their properties have
not yet bsen studied in detall, howaver.

(a) Preparations of trans (339)2Ptﬂx

The hydrido-~complexea, trans (RBP)aPtHX. are conveniently made by
the action of reducing agents on cis (RB?)EPtxa. The trans complexos,
franc (R P) ‘."2. react more slowly and are not genarally suitables

Hydrazine hydrate gives very gééa results as a reduciang agent for
tgese reactions, Usad in water, msthanol or ethanol (depgnding on the
20lubdlity of the particular platinum complex) yields of about 90% are

ohtained; The reaction proceeds at 90° and probably follows the course:

l‘aﬂ Nagu
cis (Bt, p) ptc1 —p (Bt p) th H,r)cﬂcl ~5—> trans (.Jt. p) SPLHCL

+ Nﬂﬁpl + N, + NH

| 2 3
Iithium alumdnium hydride is too powerful a reducing agent, and although

it reacts vith both gis end trans (mtEP) 9t012 to give the hydrido=complox,

soms metallic platinmum is also preduced.
On heating an ethanolic solution of potassium hydroride with cis
339)2Ptx , acetaldehydae and trans (RBP)BPtHX are produced, Tracer

studies have shown that the mechanism of the reaction iz
B

CH.CH.OR + CH™ + XeDte == cusJ
|

5Ol + X + HO

¢ Opt- )
-5

|
CH,CHO + HePt-
3 |
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KOH in isc-propancl also gives yields of about 90%, acetone being produced
instead of acetaldehyde, Formic acid has also been used as the reducing
agent,
-, ) m T N
cis (LtjP)2Pt012 + HCOOH ==>  trans (utEP)aptHul + HC1 + CO,

The reaction between cis (EtSP)aPt012 and either styryl magnesium
bromide or cycleohexyl mognesium bromide produces come hydrido=complex.
| cis (EtBP) SPCL, + CgH, MgBr ~~> trans (L-‘tBP) SPHHBr + CoH, o + MgCl,
The preasence of the cyclohexene produced by thio mechanisn was not showm
(149) and an alternative route to the hydride in proposed in the present
work. |
The pyrolysis of trang (Eth)ZPtEtCI at 180° gives the hydridowcomplex

by a reversible reaction.

180°
RS, ol .
r St,P) PLEECY S5 —— ¢ St_P) DICY +
trang ( t;‘)af’t“-c S50/h0 ota,  E2EE (B 3P) PHICY + C 1, |

The aryl platinun complex, gis (EtsPJaPtPhCI. can be converted to the
hydrido complex by gaseocus hydrogen at room temperature and pressure.

- cis (_E_tjP) aPtPhCl +H2'=-> _tra@ (Et.j.,P_) aPtﬂCI + CGHS

The halide gis QEtBP)thGLE con 2lso be reduced by hydrogen but under less
mild conditions (95°/50 atm.).

The chlorine in the hydridochloride complexes iz very labile and is
readily r;:placed by other mnionic ligends on treatment with the appropriate
salt. Thus trans (Bt.P), PtHCL is converted almost quentitatively inmto
the corresponding bromide, iodide, cyanate, thiccyanate, nitro or cyanide

complex by the action of alkali-metal snlts in acetone or mquecus methanol,
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or into the nitrate by treatment with 1 mol, of cilver nitréte.
(b) Properties of the hydrido-complexes.

The hydrides are colourless crystalline molids, soluble in organic
golvents. They are remarkably stable: at 001 mm., trans (EtBP)thH61
cublimes clowly at 75° and distils at 130°, |

A gharp band near 2100 cn.’1 in the infrared opoctra of thece
compounds is assigned to v(Pt~H) and the correapbnding bending mode,

b(Pt-H), io found near 820 cm.”). The deuterium analopues of several

a

compounds hnve beon propared and the expected isotepic shifte are chaarve

The effects of differont ligands in trans position to the hydrogen atoms
on v(Pt~E) have been mentioned (139, 152). '

The nuclear nagnetic regonance spectra of many hydridec have also
been oxamined, The pro ton rascnance of the hyerdJLe hydrogan shows a
large chemical shift (sbout 20-30 7). It is oplit into a triplet of

relative intensities 1:2:1 by the two equiva]ent 31

P nuclei ‘of apin %
{10075 abundance) and this triplet is further split by the 195py nucleus
of ap;n 2 ( 334 abundance) to glvc a charactoristic structure of three

triplets.

The H ligand has a high trans effect, labilising the C1~ ion in

trans (EtEP) aPﬁHC_l. Metathetlical mpiacement reactions with anionio

ligonds have been mantionéd, and the C1~ can alse bo replaced reversibly
by neutral ligands such as ammonia to give ionic water-soluble salte,

(Bt 3P PHICL + rm}\_—[(m P) ,PtH(NH )Jul
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The hydridic hydrogen can be replaced by deuterium or by halogens,
Although littls HeD coxchange occurs when (EtjP)aPtHCI is sheken with
hot D0, rapid exchange takes place in the prescnce of HCL (10~ molar).
Complexes containing ligands of greater irans cffect than CL (e.g. N,
GCN, GCH) underge exchange in neutral solution, however. Halogens, hot
agueous halogen acids, and aliphatic halogenocarbens replace the hydride
ligand by halide. For examplet

trans (Et:s‘i-’) oPHHCL + CCL, —>  gis (m}m SPECL,

trans (EtﬁP)artHI + Mol ~~» trans (EtBP)aPtI2

Dry BCl in ethor reacts with trana (Et3P)2PtHCl to give an adduct
which io prebably a platinum(IV) hydrido halide,
’ t?.-am (L“-3“ LPLHCL + iml—‘(:‘t}\?\ Ltﬁa 1
Thic unstable, cryntalline complex can only be ctored under HCl and losea
HC1 when treated with nao or on heating.' It inffared opectrum in nujol '

=1

shows a strong hand at 2254 cm.  with a shouldar at 2265 cm.-1 attribute-

able to v(Pt-=H).

() Other

latinum hydridesn.
To mettle n.éontroverny concerning the existuﬁce of the Pt (0)
complexes, ?t(?Ph3)5 and Pt(??h3)k' Halatesta and Ugo prepared the
hydrido=platinum complex (Ph5F92PtHa (151). This compound was prepared
by the action of gaseous hydrogen at 200 atm, on & benzene solution of
-Pt(PPhB) or Pt(FPh )“. This method of preparation teok 5 hours, but it

was also reported that the Pt (O) complexes woere convertcd to the



-5 -

dihydride simply on standing in benzene for 1 week. The authors proposed
that water present in the solution as an impurity might account for the

reaction:

F + Ph,P) PLH, + Ph
PH(PPR,) 5 + B0 —>  (2hyP) Pta, S0

The platinum dihydride is a cryatalline solid, stmble to air and
water and sparingly soluble in organiec solvents, Its infrared epectra
showed v(Pt-H) at 1670 em.~V ana 8(Pt-H) at 816 om.”'. These assignments
have been confirmed by deuteration studies (153), In contrast to the
monohydrides of Chatt, this compound did not react with CClu. With icdine,

one euuivalent of hydrogen was evolved.

(PhBP) PtH + I — (Ph3? aPtIa * ?2

i phosphido=bridged binudlear dihydride of platinum has also been
isolated {147). Reaction of trang fh*sp) PLHCL with PHPh, in benzene

gave a yollow solution which, on troatment with a baue, gave the binuglear

complex.
Et B h Bt.P PT>h .
mtBP\\ //Gl . tsﬁ\\ //Pﬁf o Er \F
> + HPPh, == - Ph cl —>
N e N 7N
B EEt3 H ?EtB 1 pnh

+ 3P3“5 + 2HCL

Ehs low Pt~H atrstching fraquenoy of this hydride (2005 cm.-1) sugpesta
that the bridging PPh2 groups have a high trzans effect.
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D, Hetal=ietal Bondsa,
1. GENERAL CONSIDERATIGHNS,

In recent years an extensive study of compounds containing metal-
metal bonds has been initiated, mainly as a result of the interesting
catalytic properties which some of these compounds exhibit. Hevertheless
compounds containing metal-metal bonds are more ¢ommon than has often
been supposed (154) and many systems containing such links have been
known for aeverai years,

The solid metals themsolves show one extreme type of metal-metal
bon@ing, involving multicentsr delocalised moleculaé erbitals., ‘'Con-
centrated metal' compounds, with properties intermediate between metals
and covalent halides, form a second class of compounds containing metal
atoms close enough to produce some electronic interaction. An example
is HéCla, which contains [ﬁo6018]#+ units showing many features of
molybdenum-metal. Another type of metalemetal bond occurs in certein
transition-metal complexes and involves dn bonding. These compounds are
comparatively rare: the cupric acetate dimer is one example (155).

This summary is concerned only with compounds contaiﬁing sigﬁa.
covalent bonds between two metals., In those compounds it is necossary
to differentiate botwsen the oxidation state and valency of the metals,
For example in HgaClZ, vhers the mercury atoms are linked by a metgl-
setal bond, the mercury is divalent but the oxidation state is +1.
Similarly the gormanium atoms in the cyclic compound (thGe)“ are

tetravalent but the oxidation state is 42,
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Due to the great diversity of compounds containing metal-metal
bonds and to the fact that the systematic study of those compounds is
comparatively young, little is known about the formation and stability
of these bonds compared with, for example, metal-carbon bonds. Certain
of the factors involved are discuesed in a recent paper by Nyholm and
his coe-vorikers describing compounds of gold bonded to transition-metals
(156). In order to form these links the metals must have available
unpaired electrons which are in tho bonding region. The latter cone
oideration 1s of particular i{mportance in transition metal compounds
where an unpalred electron can often be accommodated in the 4 oruitals,
sufficiently removed from the bonding region to give a stable paramagnetic
monozer rather than a complex involving a metal-metal bond,

The effact of the formal chprge of the metals is also iﬁportant.

In geuéral, as the oxidation state rises, the tendency to form para=
magnetic monomers increases. This is probaﬁly_due to the contraction of
the orbitale involved away from the bonding region. Thus for the d?
series Cu (+2), Ni (+1), Co (0) and Fe (-1), copper shows little tendency
ﬁb forn éstalemetal bondé, whereas iron forms stable compounds of the
type [Fe,(C0)g1%",

In descending a vertical triad in the transition series the bonding
orbitals becoms bigger, and it is likoly that overlap will increase,
leading to greater stability. The germaniumegold compound Ph3PAubGePh3
is stéble to air and water, whereas the silver and copper analogues are

suaceptible to oxidation and hydrolysic at room temperature (119). Also,
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in the carbonyl serics, Fea (CO)9 has bridging carbonyls as well es
an Fe~Fe bond, but the ruthenium compound Ru3(CO)12 iz stable with
Ru~Ru bonds alone and no bridging groups.

The attached ligands have & large effect on the stability of metal-
metal bonded complexes. The formal charge of the metal atom can be
modified by the ligand via its inductive effect or by an ubility to form
dn bonds, The situation is more complicated than for metal«carbon bonds
and the net result is difficult_to predict. The attached ligand will
tend to stabilise the M=-M bond if it iancreamea the enerzy gap botween
the highest energy oceupied orbitals and the lowest energy antibonding
orbitals (see page 45) and alsc if it removes charge from M, leading to
a decrease in the repulsion betweaen the non-bonding slectrons on the
two metals. Rupture of the M=} bond pféducing paramagnetic monomers
will bé ephanesd if the ligunds stabilise the monomer or destabilise
the dimer. Factors ubich force the reaction RM-MR —> 2RM' to the
right are (1) ligands which lead te the delocalisation of the unpaired
electron: (2) groups which contract the orbital containing the unpaire¢
electron and remove it from the boﬁding region: (3) steric repulsion
of the ligands on the two metal atoms. The eiffect of various ligands L
on the Hn-Hm bond in [L(CO) Mnl, has been oxamined (156): also it has
baeﬁ noted that the compound PhBPAu-GePhB-is more stable than

HeBPAu-GePhB (119).

- 2es PREPARATICNS AND PROPERTIES.

Compounds containing metal-matal bonds are common among the group
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IVb clemeonts and many examples have been examined. Gilman and hic co-
workers prepared a series of analogues of hexaphenylethene with one or both
of tho central atoms replaced by.S5i, Ge or Sn (38. 114, 115, 118, 1;]. 158).
They were prepared by the reaction of an alkali metal derivative with a '

halide (or occasionally an ester).

ph,ﬂxﬂ} Ph X —>  Ph,M-MPh, + H'X
(M = 51, Ge, Sn, H' = alkali metal, X = halogen).

The general properties of these compounds are similar to those
previounly deseribed for cubstituted digermaneﬁa The M-M bond can be
cleaved either by halogens or alkali metals, and they do not tend to
dissociate into RjH. radicala. as does Phsc ». Cleavage by lithium
aluminium hydride has been raported for the Sn=Sn bond (159). The
cempouﬂds tend to become nore raactive as the a»omic weight of uhe_metalé |
increapes: thus in the cleavaga of MBBM-HHG by FBCI, easge of reaction )
decreaaes in the order PbePb, 5n=5n, Go-Oe, oi-oi (160).

Except for mercurg, netal=motal bonds between main-group elements

other than graup IV aro compnrativaly rare, although iaolated examples
“héve been reporteu. In group I1I, metalemotal bond inm hag been rapcorted
in Ga?n (161). Gold vapour contalns Au2 MOlechles.

Hany examples of netal—metal bonding amongst the transitlon metalﬁ
‘are known, egpecially in complexaa where the motals are in a lcg oxidation
level. Carbonyl complexee in particuiar frequently contain M-M bonds.

These complexes obey what has become known as the ''moble-gas rule', in
P : :

that they try to achieve the sale nﬁmber of electrons as the next noble=-



For example in addition to Fe(C()
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gaes shell., Sack carbon monoxide group formelly donates two electrons to
the metal (or one for a bridging group) (162). When the next noble-gas
configuration is not reached by the metal and ligands alone, dimerisation
via covalent metal-metal bonde can atiain this. This is otrikingly
demonstrated by the carbonyls of the firet transition eeriee which di-
merice alternately with cpin pairing: Cr(co)g, Muy(CO), 04 Fe(CO)s,
Co,(CO) 5 and N1(CO),. _

Similar series can he oStained with other 1igandé. n=Cyclopenta=
dienyl, for example, formally donates 5 clectrons giving rise to the
series ucs'ris.v(co) o [RCGHOr(00) 1,0 nCHn(CO) 5, [RCoH Fe(C0), 1,0
ncsnsc:o(co) > ond [ncsusr-uco]a. Also, metalemetal bonded carbonyls can

be produged if the molecule has an apparent deficiency of carbon monoxide.

. diron can o by o) iy )
5 iron can give -ea( 0,9, PeB(CO)

_ 2= 4 2= - .
D?‘ez-(co)g.j . [Fe3{90)113 and [ce,‘(co)ﬁ.l

bonds (162). Compounds with two different metals are alsc known: for

12°

“, all containing Fo=Fo

Ol [ ) b -] o
example (CO) yCo bin(C0)5'(1)6) and nCSHE(_CO) SFe Mn(CO)S (163)
Tha H~M bonds in these complexes are reactive. Iligand exchange

reactions introducing groups which allow the noxt aoble=gas confipuration

to he achieved without a M<M bond leads to its rupture (164).
Fe_s(ﬂ’rﬂ)m + GHO wem> ;b-a(co) 2(M’J) o + 600
c:o2(co) g + 2NO —> ZCo(CO)3NO + 2C0,

Alkali metals, halogens and strong bases also cleave the metal-metal

bond,.




Hn2(00)10 + 2ig —> 2Nar4n(co)5

una(c:o)10 + I, —> gnm(co)5

2

KOH
FeZ(CO) g —> xczre(co) 4

acid —10°

Many of the compounds mentioned above werc imolated long before it
was reulised thot thoy contained weicl-metal bonds. Recently, however,
many compounds have been prepared with the prime object of synthesising
M~H{ bonds and nmany of them contain main group metals bonded to tranaiﬁion

metals, The compound ncsﬂsFe(CO)asiMe3 which ¢coutaina a silicon to
iron sigma bond was roportod in 1956 (165). It was prepared by the

reaction:

_H_Fe{CO) .SiMe. + NaCl
55 2 3

¥ p [
| nqﬁﬁsre(co)2Na + ﬂesuiCI —> 7
It is stable thermally up to 2000, but is air sensitive.
Gorsich has isolated a number of compounds containing tin or lead

bonded to manganese (166).

B 1CL, + oNatin(CO); —> B, hlMn(CO) ]

({=SnorPh. mn=10r 2. R =alkyl or aryl).

n~Cyclopentadienyldicarbonyl-g=triphenylatannyliron, wCH Fe(C0) Snrh,,
wvag olso prépared by.u roaction similar teo that for the Si-Fe derivative.
Theae coﬁplexes undergo ligand exchange reactions in a similpy manner to
other metal ¢arbenyla., CO groups in PhBSnMn(CO)s were readily replaced

by tertiary phosphines or arsines,
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Phasmm(co) 5 + PPh,, ==> Pn.).sm-m(co) 41’Ph + CO,

> pJ

Somewhat surprisingly, halogenation failed to cleave the M=-H bond, tin-
phenyl groups being cleaved inetead:

thsm:m(co}

TilaltY
5 * 3612 — Ccli 3.;1Nn(0v1 + JPhCX.

The presence of the Sn=Mn bonds has been demonstrated by X-ray
weasurements for two compounds. PhBSn-Mn(CO)“PPh3 has a Spe=Mn bond
length of 2+55 & (167) and PhEn[lin(c0) 512 has Mn-Sn bonds of 2¢7 £ with
the angle Ha-Sn-tn = 117° (168).

Several tineplatinum compounds have been prepared by adding tin(II)
chloride to various platinum chlorides. Complexes such as [NMeblj[Pt
(SnCl3)5]' (Ph3“5)2pt(5“51392 and (PhBP)aPt01(Sn013} have been identified
{169, 170) and their properties indicate the presence of amionic Snclj'
ligands. A later iafrared examination of some of theso compounds has
ghown the presence of a platinum~tin bond with v(Pt-Sm) near 200 em.”
(171).

Many compounds containing a transition maﬁal bondad t0 mercury are
known. With métal carbonyle, complexcs such &6 MaHg-Fe(COTQ and
Hg[Mn(CO)ﬁja have been isolated, and although comparatively little is
known about the nature of these Mell linka, many interesting synthetical
wethods have emerged. -

The mercury-tantalum compoundé Rﬂg—“a(co)é (where R a Me, Et or Fh)
have been prepared by a reaction similar to that ussd for the group IV
compounds {172) .

RugX + Na[Ta(CO) ] ——> mig-'ra(co)6 + NaX.
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These complexes are ctable to eir and water for short periods, but cre
decomposed by halogenated solvents. Their thermal stability is greatest

for R = B¢, In some preparations, the alkali metal derivative can be
replaced by a hydride.

C
'l
v "
Ph_P, CO . PhP 1 CO
3>'f\/ +  HgCl, / 3>“'\ + HCI (173).
Ph.P” Nl Ph, P~ | “Cli
3 Cl ' . 3 Jﬂ

The HC1l produced is either evolved as gas or remeved by adding a base.
The same iridiuwm=mercury complex shown above was also made simply by

oxidising an Ir(I) complex with mercuric chloride.

Cl
5 Hg

Pho,P - CO . .
Thy Ph_P_ co

\Ir/ + HgCl, —> 3P\lr/

7 Npp 2 1IN A

ci PPhy Ph,P cl
o

Similar reactions with mercury(II) vromide, iodide and acetate have also
bean studied (173). Mercurous chloride gives the same product, £Ogethor
with mercury.

An even simpler preparation of & new metal-motal bond was the reaction
of mercury metal with a cyclopentadienyl-iron-cobalt carbonyl complex

(174). Thie reaction proceeded at room temperature to give a complex with

tvio M=M bonds,
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0

c Co
=C_H Fe/ \CO(CO) 3 HES  nc.nm Fle-ﬁg-Co(GO) 4

S5 55
c!o\c/ co
0

Ph,PAu=Co(C0), 1,PAu} Fe(CO), ; Ph.PA Y
h.jP u=Co(C0) I (Ph3P u) 21-_(09, 4 -h3! Au-z\m((.o)s and
PhBPAu-H(CO)BuCEH5 have recently been prepared by reactions of the type:

2Ph PAUCl + HazFe(CO)4 —— (PthAu)zFe(CO)4 + 2NaCl (156).

These compounds are pale brown c¢rystalline solids, stable to air and
water, diamagnetic, moncmeric in benzene and non-2lectrolytesin nitro-
benzene, The pgold-transition metal bonds are cleaved by hydrogen chloride

or lodine.

3P.A.ucn. + HMa(co) 5

(PhgPAu) Fo(CO), + 2T, ==b 2PhyPAUL + IFa(C0)e

Ph3pixu-ﬁn(co)5 + HCl ==> Ph

Complexes with copper and ailvaer bonded to manganese have now also
. been prepared (175).
(triarsine)CuBr + NaMn(CO)5 - (triarsine)Cu-Mn(Cb)5 + NeBr.

GHzAaHea

triarsine = MeC-CHaﬂsﬁea

v | ,-4
cuaAanea

3¢ GERHANIUM COHFOIRIDS,

Compounds containing germanium bonded te metals other than those. of
group IVb are rare., An early example, bowever, was the boron compound
(Phage)sB which was prepared from triphenylgermyl-lithium and boron
trichloride (176), More rsceantly, Seyferth and his co-workers carried out

a similar reaction between PhjpeLi and PhBB (177). The product, lithium



triphenylgernyltriphenylborate, Li+[Ph3QeBPh3]-, was too unstable to be
isolated, but the tetramethylammonium and triphenylmethylphosphonium salts

gave stable crystalline products.
He QNI

+ - + -
3GeL1 + phjp -— LL-[PhBGeBPhBJ ——> He [PtheBPhBJ

These compounds, which contain germanium=boron bonds, do not have definite

Fh

molting points and decompose above 200°. The H34N+ salt reacts with’

bromine to give Ph,GeBr and Mo“u*ar'.

3
Russian workers have prepared compounds of germanium bonded to mercury
and cadnjum (178, 179) by heating triethylgermane with dicthylmercury or

diethylcadmium in a sealed tuba,

- o

, 120 .

Bt3GeH + Bt Hg = (EtBGe) ol + Clg
80° e

By 3 ~—> (Et,Ge),Cd + C1

EijeH + LtZCd ( 2o )ZC ZPG

Silicon-mercury compounds were prepared in a similar way, and a Si-Hg-Ge
compound has also been isolated (180).

\ L . 100° . o
5 - I _“ i L 3
3 i-Hgbt + n.tsﬂeii > Et381 Hg—demts + bzﬂs

These compounds are yellow liquids, sensitive to ultra=-violet

Et

radiation and oxygen.

(£¢,G0) Mg Ao oHg e Bt GoGert

3
0,

Bt Ge) . Cd C S B

( t, e), d + Et,Ge00eEt,

Their reactions with benzoyl peroxide are cimilar, =lthough metallic
mercury is given from the mercury compound, and cadmium benzcate from the

cadmium compound,
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(Et}Ge) JBg + Be 0, ——> EtSGeCBz + Hg

(EtBGe)ZCd + Bz 0, =——> Et

0 GeOBz + Cd(ﬂBz)a

3
A notable difference between the cadmium and mercury compounds, however,
iz their remction with orgunic hnlide§= The raaction batwsen bistriethyl-
geraylmercury eond bromobenzene is catalysed by u;v. radiation and gives
triethylbromgermane and diphenylmercury, whereas the germyl-cadmium
compound reacts with benzyl bromide or ethyl bromide to give the tetra-
organogormnone and ocadmium bromide.
(Etz.de)aﬁg + PhBr -2 Et,Gobr + Phaﬂg

(EtBGo) oCd + EtBr ~——> Et G + CdBr,

The first reported compounds containing a germanium~transition metal
vond, Phsde-%!h(00)5 and Phy0o=Te(C0),nC A, were isolated by Seyferth and
hie co-workers at the same time as Goreich prepared the tin and lead-
onalogues (181).

Ph.GeRr + Naiin(CO) 5 —>  Ph._Ge-HMn(CO)

> p) 5
PhjgeBr + ﬁa?e(cc)zuc5ﬁ5 — Phjﬁe-Fe(CO)an5ﬂs.

Ho propertiés of_these compounds wére given; except that they were airv
and moisture stable only in the soiid atat;.

Another complex containing a germaniumemanganese bond has been
prepérgd by allowing monogermane to react with manganese pentacarbonyl
hydride. The reaction proceeds in a sealed tube at room temperature over
a period of 8 days (182).

OeH, + riti\m(co)5 — Haeemn(co)sjz + 1,

lo HBGeMn(CO)s or HGo[Mn(C0)5]3 was produced in the reaction ond it was
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suggested that the reection procceds via reduction to the germenium(II)
internediate, GeHz. The bispentacarbonylmingenesegermene is an alr-stable
solid, melting at 87-88°. It can be cublimed in vacuum at 80""/10.3
Iodine decomposes the corplex liberating hydrogen and carbon monoxide,
Triphenjlgermyl complexes of copper, silver and gold have boen
examined in somo detall (119). They were prepared by the reaction:

Ph_Geli + (R.P) MX ==> Ph Ge—M(PR ) + 18X

3 3n ' >

(1 = Cu(I), Ag(I) or Au(I). X = halogen, n = 9 for Au and 4 or 3 ’or
. Cu and Ag)

The stability of the compounds depends greatly on the ligand, and alters
from metal to metal., For example, Phjpe-AuPPh3 is more stable than

. Ph}Ge-Aur 3 and whereas Ph3Ge-AuPPh3 is stable to air and water, the
silver ansloguc is less stable and the equivalent copper complex fumes in
air. The copper and silver comglexea vere atabilised by thevadditién of

. excess triphenylphosphine and (Ph,P). A{;GePh5 was isolated,

3
The group Ib'complexes all reacted with 1,2-dibromethane to liberate
' ethylene ﬁnd the germanium and tronsition metal bromides,.
. Ph,Ge-hufle, + BrCH,CHBr —> _C,H, + PhGeBr +. siesphunr'
Ethyl bromido and srtho-dichlorcbenzcne failed to react and it has been
uggested (183) that the 1,2-dihromet thane reacts via a four-centered
transition otate.
The reaction of the gold complex with phenylelithium was surpriaingly
complicated. As expectéd, etherial PhLi first cleaved the gold-gerﬁanium
bond.

Phjﬁo-ﬁuPPh3 + Phli =—> PhﬁpeLi + PhsPAuPh
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Tha trishenylgermyl-lithium reactsd immsdlately with more of the gold

complox, however, to produce the solvated salt Li[(Ptha) EAuJ.loEt;ZO.

£t 0
- 2 -
- : Jgw=i +S5t
PhBGe AuPPh3 + PhBGeL:L ————> Li[Pthe u-GePhBJ &4; taﬂ + Phsl?

The lithium salt wos too unctable to be isclated, but addition of
m“rw*x‘ producod a stable, ungolvoted complex Et N [(I’hBGa) 2.l\u:l which

was crystallised from acetone,
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PART A. Benzyl Derivatives of Germanium.

1s Praporation of tribenzylcermane by reducticn of tribenmylbromgormane.
Bronine {2883 g.) in 1,2-dibromethans (200 c.c.) was added to o

soluticn of tetrabenszylgermane (70 z.) in the cone solvent (500 c.ce)}$ the
reaction was complete aftey 6 hr. at room temperature. The solvent and
“benzyl bromide were removed by vacuum distillation and the residus,
dispolved in & 1t1 ether-benzens mixture (700 e.c.), was andded slouly to
1ithium sluminiuae hydride (30 g.) in other (400 c.c.). A!tér refluxing
for 2 hr. the excees lithium aluminium hydride wos desﬁfeyaé.by the
cautious addition of ZM-sulphuric acid. The orgsnic part was dried
(ngsoq} and the golvent removed by distillation. Vacuum distillation of
the residua gave gsibanzzlggrmangﬁ (PhCHZ)3g9H~(#?tQ g.? 85%. Bup. 160=
180°/1O‘3_m=m. .ﬁ.pa 80=82° ax methanol. v(Ge=H) at 2034 cm=1)._ (foundi
Cy 73405 Hy 6:2; Ge, 2155, cz-gﬁazﬁ_". (1.0. (PhOH,)GeH) requires:

Cy 7273 Hy 6ely; Go, 20:9%).

29 Haﬁabénzglﬁiqﬂrﬁaﬂaa
Tgibgnzyl-ﬁomggrmane (29 g.) in Rylena (250 ce.c.) was refluxed with
sodinm (2 g.) for 20 hra-during which timo the mixture turnad black. The
solvent was removed by distillation after hydrplyﬂiﬁlwith wvater, Attempted
ciyﬁﬁalliaation from chlérofbrm, methyl-cycic~hexane and methanol gave no
- hoxabenzyldigerwane. The material recovered (i3:1 g.) contained no
halogen. Its iﬁfrgraé apectrum contained a wesnk band attributable to

Yosym (Ce=0-Ga) at 11¢5p, but no v(Ge=H).
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In a cimilar experiment using 20 g. of tribencylbromgermone and
5 g. of sodium, the refluxing was continued for 3 days. A small amount
of hexabenzyldigeruane (15 ge., S¥) vwas 6bt§inad {mepe 182-184° @z xylicne)
as well as the intractable residue, It was concluded that the Wurtsz
method of Bauer and Burschkies (33) was unsuitable for large scale -

reactions

b) Grignard coupling reactionm.
Thin wethod, based on the uoupling of an 1ntermad1ata sormyl Grignsrd

raarant. vas more succassful (39).

Phcaau@1 + cwr,i —>  (PHCH ) JBelgCl + (pncaﬁa Gal ~u> (PhCH }.—Gea

qumaniun (IV) iodide (169 2s) in toluene {500 c.c.) was addod to
etherial (2-5 1it.) benzyl magneaium chloride prepared from henuyl

chloride (3?0 ge) and magnesium (80 g.) and the mixturu. conta‘ning the

- @xcess megnesium, wes refluxed for il hr, Hydrelysis yielded a semi-

solid. organic product which wes extracted with boiling ether giving

hexabenéyldigermane (115 goy 11¢4%) as the insoluble part, m.p. 185° ex

- chloroform.

Dropuise addition of a filteared solutiom of bntyl magnesiua bromide
(0=25 mole), prapared from butyl bromide (35-6 g;) and magneaium_{? ge)
in ether (250 c.c.), to germanium (IV) chloride (20 g.). in other (50 c.c.)
wag fcllowsd izmediately by tha addition of etherisl banzyl magnesium
chloride (O+& mole)., The resuliing mixture vas r&fluﬁad-fOr 2 hre and

then hydréiyaed by d-hydrochloric acid., Vacuum diatillation of ths
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organic ¢xtract gaves

benuyltributylgermans (7+4 go, 27%) bap. 100=110%/10"2 ma. (Found:
Cy 67:85 Hy 100, C, A, 4,00 (1.0, PHCH GoBu, ) requirea C, 68-1; f,
102503 -

dibenzyldibutylgermane (16 g., 46X) b.p. 130-1359/10“3 mm.'(Feund{
C, 70065 R, 9:3. c22§32@e (Lee. (PhCHé)agoBuzf requires C, 71-5; g,
8823 |
| and tribenzylbutylgermans (5.9 3.."!6%_) beps '150--16_:5°/1o'3 ma,  (Pound:

C, 74.7§ H, 7+5. Casﬂ'_Gg (1.0, (Phcﬂa)saaau) raquires C, 753 H, 7+5:),

4, Cleavage of tetrabenzylpermana.

a) IXsolution of tri

Tetrabensylgercans (10 b.) 1ith1um ahot (2-5 n.) and ethylone
glycel dimethyl ether {1 c.c.) were atirred to a paste which turned yeiiou-
. after a few minutes and then dsepened to ?roun with spontancous warming.
Additional sclvent (7 c.c.) was added and aftér 1 hr, fhe excess lithium
was separated by filtfatieﬂ thrcugh'g;sas Qéﬁle. Hydrolyais of the |

filirate by 10% aguecus @qgaglyma'waavegp;hermiq and d&s¢harsed tha

=g

srowa colour. Distillation of sther extrasts gave tridencylgermane
(€ gay ?6%), b.p. 164°/10" > me., a8 colourless necdles, m.p. 80-82° ex
methnnol. The residue from the distillation gave tetrabonzylgarmans as.

needles from propanol (n.p.'und wixed mape 1109,

k) 1sclation of tribenmz;ggrmane and dibenlegermane.
Tetrabenzylgermane (50 g.) and lithium shot (4 g.) were stirrad at

room tomperﬁture with~1,2~dimethgxyoehane (S c.c.) until yellow apeckn"



appearsd (5 min.). The mixture was then kept at 0% for 16 hr. after the
addition of further solvent (40 c.c.). lydrolysis by the slow addition of
10% aguecus monoglyms (100 c.c.) follewed by benzene-water extraction gave
an organic layer (40.5 g.) which was distilled in vacuo giving a trace éf
bivenzyl, dibenzylgerwans (2:3 ge, 7+8%) b.p. 80-85°/10"> me, (Founds
Ga, 261, G1hﬁ16ﬂo (L.e (Phguabzasﬂa) requires Ge, 28+¢%), and tribenzyl-
germane (8.3 g., 297 b.p, 1?6—187°/1O'3 mn, The rasiduve consisted of
tetrabonzy].gemm.

Pibensylgérmanc showed in addition to the Ge-H strotoh at 2034 cu™ ',
a styong band at 866 ca”). This band is also present in the spectrum of
diphenylgermane and is probably & Geil, deformation frequency (184), The
'H nuclear magnetic resonance apeé‘n'm&n of dibdanzylgsrmone at 60 Me,/mec,
‘ohowed a large unresclved peak at low fields, & quintet at midfiolds and
a ﬁri';.xlet'_at high fields. The relative intonaitien of 10121k ave in

agreoment with the atructure (PHCR,) SGoH 50

¢) ZIribensyldeuterogermane and dibsnzyldideuterogermans.
~_Ap experiment cimilar to part b) with tetrabenzylgermane (10 g.)
ond lithius shot (0s8 g.), Zollowsd finally by the addition of deuterium

oxide (5 c.¢.), gave on vaouum distillation a few drops of liquid waich

appeared to be dibengyldideutarogermene {v{Go-Dj at 1464 am."1; GeD,

deformation at 612 ‘m.’q).’ The main preduct was tribenzyldeuterogarwane
(5e4 goy 77) bope ‘I-'?O-‘S‘?S""/1(}""3 mm., mepe 51° ex mothanol and v(Ge~D)

H

21039 (1.,0

21
(PhoH,) GeD) requires Gy 72:5§ My 6e73 Gey 20:GK).

at 146k ca.”? (Pound: C, 72.4; H, 6465 Ge, 21.35.
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S5« Iribenaylethylgsrmans.

Tribenzylgermyl~-lithiuzm was prepared from tatrabenzylgermans {15 g.)
and 1ithium shot (5 g.) in ethylene glysol dimethyl sther (20 c.c.). The
resction started after siirring for 2 oinutes. After 48 hr. at 0° the
deap brown a-olutién was filtered through glags wool and addad to an excess
of ethyl bromide in ether. The colour was discharged in an oxothermic

_ ﬁaction.: Hormal work up of the organic extract gave a few drops of a
1liquid (B.p. 60-1&00/10"3 wm.) which appeared to bes & mixture of dﬁ.benﬁﬁ—
diethyligerxzane and ﬁﬁbenzylethy;@omne (n.m,r. émd. i.fs Bpoctra) and

rmane, 8.2 2., 6k¥. B.p. 170-182°/10"> ém.-(meds

Cy, 73:03 H, 69 Ce, 19-1. C,gflycle (1.0, (Pmna):,some) requires

Cy 7363 K, 7+0} Ge, 19+4%). After repeated eryﬁtallieatiea from |
sathancl 1% had RePe 235" (1a contrast to the literature value (33)

of 56457 - |

6. Tribenzylge mltﬁmam- -uim-;

ﬁ‘ribeaaglgemylullthin_m was pre-pm& fron tetrabensylgormane (6:3 g.)

as déscxg.bed above. _’.!‘he_;*ga_’c_:tion Qcmehaaé ﬁftez- 15 minutse and wap
.allgied £¢ vrocesd for 2:5 hr, at Sae ﬂ!wr zil.tra'uti_é;fsm@ gloss .
'Qnolg tha tribenzylgermyl-lithium in monoglyme was added to ‘triﬁe%hﬁ-.
cinlersilane (3+2 goy 2 mol.)., The colour was discharged with evelution
of heat. Hydrolyaie and ether extracticn followod by distillation of the
| orgenie extragt gave a mixture containing tpiuene and hexsmethyldisiloxane
{vepoce oharactsrisatibn) + Vacuum-distillaticn gave tribencylgermylird.
g:ét;_;g_ lsilang, b.p. 183'3”"/10;3 MBey Mepe 6 _-5;64.59 {nsedien, ex mefmcﬁ_.)e
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(Found: C, 68:-6; H, 7+%i M (freesing bensens), ki5. Cyyfing 051
(4.e, (FhCHa)sﬁa-SiﬁeD) requires C, 6384 M, 7285 N, 419). The residue

froa the disiillation consisted of tetrabensylgermane,

a) gzgrtribonayltriothyldisormnno.

Triethylbromgermane (5¢5 go) in ether {50 c.c.) wan added to =
solution of tribenzylgnzwwl;1ithiuu proyaredlfrom tqtrabenzyigermans
(10 g.) as previously described (initiated after 10 minutes: atirred for
2 hp, at 20%). Normal work-up gave unr!écted_teﬁrnhénaylggrmane (Q-} 8e)
and ggm~tribenzyltriethyldigermana, 641 gey Yepe 220-230°/10 mm.  (Pounds

Gy 67:63 H, 7:3¢ M (freazing bLenzone) Sh1. 627355“’2 (i.00 (PhCKa)BGa-
GoEt.) roquires C, Ghe15 H, 7.2%; M, 506). The n.u.r. spectrus at 60
Mo./ses. showed thres peaks of relative intensity 5:12:14+8, corresponding to
phenyl, methylens {(of icﬂa}, and othyl groups respsctively. Attempta te

purify the compound from traces of tetrabenzylgermanc fuiled.

In a similar experiment, tribensylgermylelithium 4in menoglyms was |

ded 0 pure Et GeBr. Ho trihenzyltristhyldigermane wap detected in the

kT T TTEEEEE

produsts, Instead, the organic part yielded hoxnethyldigermano {b.p. 2697/

765 mm,) and hexabenzyldigermane (m.p. 182-183° ex metnyl-cyclohexans).

Res

8. l-lithium with carbon dioxide,

a) Failura to &splata {ribenzylesraylcarboxylic acid..
Tribunayigormyl-lithium propared from tetrabenzylgermane (7:2 g.)

“ti@n_of tgibgpa

in monoglyme (15 c.c.) (initiation poriod 15 minhtba:' recciion procosded



25 hr. at 50) was ¢ocled to -780 and treatod with solid cca and ether
. (50 ¢.¢s). The colour discharged on warting up to room temperature.
Ether-water extraction of the mixture gave sn orgmnic layer containing
2 g. of unreacted tetrabencylgeraane. Addition of hydrochloric acld to
thy aqueous part gave & white precipitate which wan ether extracted.
hsmoval of the solvent and mublimation at 120°/1o“3 mne tO remove any
phenylacetic acid left a semi-solid residue which was inmsoluble in laOH
solution, |

| In a simllar experiment the acidified part was worked up at room
temperature or balow and purification of the products was attempted by
chromatography on alumina. The producte were again non=acidic, however,
and_it was assumed that the tribonzylgermylcarboxyiic acld formed had

decompooad thormally by decarbonylatiocmne

b)_.Tribanleghegxlacmto§xgermnne and Tribenzylperuyltribenzylgermane
carboxylate. |

Tribenﬁylgerﬁyl=litbium. prepared from tetrabenzylgermane (10 g.) end
'_egcqas ;1t§1ym_ag provicusly described (initiation 30 minutes: reaction
2 hr, at 20%), was tremted with colid eorbon dicwide and then water.
Ether extraction of thé alkaline solution gave unreacted tetrabengyl=
germane (41 go). Acidification of the agueous solution and extrastion
with ether gave a mixture of non-aéidic products (5 g.), Extraction with
. Ge0COCH.Ph

_ 3 2 _
(15 g.) as colourless orystals, m.p. 146-148° (Found: Cy 72¢15 Hy 555

hezane gave first tribenzylphenylacetoxygermane, (PhCKa)

G’Eg I15‘°-o

cag“zsae"a (.20 (PhCHz) 3Gam:cx:azpu) requires C, 72-l4; H, 5+9;
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Goy 15+1%). Concentration of the hexane sclution yielded tribanzylmermyle
tribenzzlﬁgfmanecarbogxlagg, (PhCEa)BQeOCGGe(CHZPh)B, epe 77-80° ex
methanol. (Founds C, 70¢1; H, 5:7; Ge, 19+6. G 5Hy, 20,0, (1ees
(Phcﬂz)sﬁeoccﬁe(CHZPh)s) requires ¢, 70+23 H, 5+8; Gs, 197%). Both
compounds evolved pas (carbon monoxide) vigorously at about 180°,

9. Reaction of tribenzylgermyl-lithium and trichlorsilans,
Tribensylgermyle14thium, prepared from tetrabenzylgormane (26 ge,
59¢5 mmole) as provicusly desoribed (initiation tock 6 hr.: reactiom |
proceeded 16 hr. at 0%), was added to er;chle-e lane (27 geq 20 mmole)
in ether (60 c.t.) at -70°. allowed to warm to room temperaturs and
finally refluxed for 30 minutes. Hydrolysis and ether extraction gave
polyﬁbria material (18¢1 g.) which was obtained as a white powder from
iso-propancl, m.p. 35-‘05Q (Founds C, 6963 H,-é;#i# 4 (freezing

bpnzene) ?030-1320). This material showed a wank Siel] strotch at 2101

0.

a)- Resctien time & he, -

PTatrabenzylgermane {0 g.) and lithium shot {2:5 £.) in monoglyme
{5 cic.) were stirred until ths yollow colour develonad. when further
molvent (25 c.c.) was added and the mixture heatod under reflux for
4 hr.. The mixture was £41tered through glass-wool to remove excess
 litnium. After hydrolysis, the organic extrac# gave tribenzylmethyl=-
ermena, (2.2 g., 27%) as colourless neadlas from methonol, mip. 82«85°

(Founds C, 7365 H, 6-3; Ge, 20:4%; M (frecaing banzen?). 356,


http://l8.hr

Coolloy,Ga {4.0. (FhGHa)BGeHe) requiras C, 73¢2; H, Ge?y o, 20+1%; M,
361).

b) Reaction time 19 hr,

In @ similar experiment to above in which the refluxing was con~
tinued for 19 hr., the orgunic extract contained toluene and ethylbenzene
(ratio 9:1) in amcunts conaistent with the cloavage of two benzyl groups
from tetrabenzylgermane (vep.Ce cliaracterisation). Vacuum distillation

gave a linuid (05 g.), bep. 26-829/10'5 mm., conoisting of benzyliri-

dibenzyldimethvigermane (2.3 5.}..b.p. 82&100°/10‘3 mMe, Mape 53557, ex
‘mothenol (Founds C, 67335 H, 7«25 M, 273, C,gHanle (L.00 (PhCHZ)é- '

@aﬁea) requires C, 67-43 H, 7+ M, 285).

¢) Reasction time 6 days. ]

. Tetrabenzylgersane (20 g,) and lithiua shot (8 g.) in 1,2-dimethoxy-
ethane ware heatad.uﬁder reflux for 6 deys in a nitro5en'a£moaphara. tﬁa “
emérgapt ganses being passed tﬁraugh & trap at 9?809 Fraetional condencation
of. tha aaﬁtenté_éf_tﬁg_tragnﬁgﬂ a!vaépum_apgg;uius);gafa_metby; vinyl
sther (1185 coc. ot NiTuPuy 3-07 go) (Founds M, 56.2. G0 (.00
HaOGH:éHa) yeqﬁiree ¥, 58) but no tetramethylgermene. The finml organie

extract gave bonzzltrimethxlgermaue (36 g.) b.p. 20&52369/?60 L

(Fqugds €, 5771 M, 78. C4pl,c0e (i.ef Ph@ﬂéﬁeﬁej) requires C, 57+5%
Hy, 7+7%) and an unidentified high boiling fraction (3+7 g.).

11. Cleavage of hexabsnzyldigermane by 1ithium,

Hexabenzyldigermane (475 g., h{GB mmole) ond 1ithium shot (1e2 Be)
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wers mixed to a paste with 1,2-dimethoxyathane (4 ¢.¢.). Golden-brown
specka appeared after 10 min. and spread throughout the mixture in 23 hr,.,
whon more solvent (8 c.c.) was added, fhe mixture was ctirred at 0% for
22 hre, when the deep brown solution was filtered from exceos lithium
(gless wbol) and hydrclysed with 109 aquecus monoglyme, Lther-water
axtraction, and vacuun distillation of the organic part gave tribenzyl~
germone (12 g., 25%); The reaidue from the distillation gave unreacted
hexahenzyldigeimane (2¢4 g,) m.ps 182-185° ox toluene. Examination of
the =solvent wixture by vapour~phase chrematography showed a trace of

toluene, indicating that some cleavage of benzyl groups had occurred,.

12, GCleavags of tribenzylgermane by lithium,

Tribenzylgermane (2¢2 g., 6-35 mmole), lithium shot (0+5 g.) and
ethylene gl&coi diﬁeth&l ether (2 ce.c.) were mixed to s paste.  After 45
minutes, black specks fﬁimadlon the lithium surface and the selution
turned pnle brown. lore monoglyme waa.then added (1#-c;c.) and the mixture
was stirred at Qog The solution was dark green after-7 hr. and black
afterAzh.hr. when excess lithium was sepurated and methyl iodide (7 g.)
in ether (20 c.c.) wan added. Host ofhthé coloﬁr ;as-discﬁéfgad“iﬁ—ﬁn'—
exothermic reaction. Normal work-up gave a liquid, D.pe 120-?#0°/H0“5 wie
(0«1 g.) concisting of dibensyldinethylgermane {v.p.c. characterised) and
a more volatils component. Sincc theo mixture'qhouad a strong GeQH
absorption at 2034 cm.-1. the unidentiiied component was probably di-
benzylmethylgernane, (PhCHa)zMeGeH. Tolucne was dotacted in the solvent
mixture and tribenzylmethylgermane (0+8 z.), m.p. 82-84° ex methanol, waa

also isolated by vacuum—distillntion.
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3. Rasction of tribensyl-ermane and pebutyleldthium,
a) 1 mol. at =10° ‘

Trivenzylgermane (10 ge, 288 mmole) in athor (200 c.c.) was added
over 3} hr. to butyl-lithium (28:8 mmole) in ethsr (40 c.c.) at -10°.
The yellow solution containing suspended so0lid was stirred at -12° for
20 hr. when methyl iodide {6 g.) wac added, The colour was dlacharged.
Hydrolysie with water gave hydrogen, Hexabenzyldigermane (1425 g, 12+5)
- was ssparated by filtration., Vacuum distillation of the orgaenic extract
gave & liquid mixture (65 g.) ﬁ.p. 130—2000/10”3 mm, Tetrabenzylgermone
(2 goy 165), mop. and mixed m,p. 106-1109, was isolated from the residus of
the disfillatign; Fractional vacuum distillation of the volmtile part
gave tribeﬁzylhutylgermane (3 ey 262, bape 150-163°%/10™3 Pm.¢ tribenzyl-
methylgormane (1+25 go, 125), bepe 1&0-1600/10'3 filey MeDe 78-~81° (ox
mothanol) and a liquid aixturs {06 g.), Y.p. 59—1400/10-3 mme Infrared
" and nemer. spectra on the mixture indicated that this was prabably'benzyl=
dibutylgermane, PhCHaﬁe(Bu)aﬁ and dibencylbutylgercane, (Pbgﬂa)aGeBuH.
The *H n.oer. cpectrum at 60 Ho./sec. of a higher-bolling sut from this -
wixturs showsd throe peaks ef‘éelativé'iﬁtensity 10:4:12; and ita 1§fra-

red spectrum showsd vw(Ge-H) at 2020 cnm.

b) Z_mcis. at room temperature

A similar experiment carried ocut at room temperature using tribonzyle
gernans (12 @e) dnd butyl-lithium (2 mole.) gave haxaberizyldigermane
{0:9 g., 7+53%), tetrabeniylgermane (3 goy 2073) and tribenzy}butylga:maﬂo

(7 8oy 508). A lower boiling fraction (1.3 g;).&b.p, 90f140°/10"3 MM ¢
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vas shown by vapour=phase chromatography (using the authentic compounds
.for comparison) to contuin dibensyldibutylgermane, benzyltributylgermane
and tetrabutylgermane. No tribsazylmethylgermene was isolated from this
experinent, and no volatile products containing Ce-H vonds wero detected.

A separate experiwent with tribenzylgermans (0.6 g,) and butyl-
lithium (2 mols. in 30 c.ce of ether) was carried éut under the some
conditibns. Hydrolysis with de-aerated water gave hydrogen (19-6;6.0. at
NeToFe)o

4. Reaction of tribsnzyleermans with benwyl-lithium,

Tribenzylgormane (3¢8 g.. 11 mmole) in ether (100 c.c.) was treated
at rcom tempgrature with o tatrahydrofuranugther sﬁlﬁtian of benzyl-
Lithium (185) {11 m.mole) and, after 1B hr. oxcess methyl iodide was added.

Normal work-up yave by distillation a trace of divenzyldimethylgermana,
bape 80-1G60°/10 =3 uGe {vep.c. choracterised); tribeonsylumethylgermane,
" bape 165°/1077 mm. (005 g., 12%) and tetrabensylgermane, Heps 200-210°/

10" @m. (2:9 g, 6036)..

15

ﬂatrnor BNOgernanes and'hexabenv ldigermane with n«huqzlalithinn.

a) Dibenzzld1bxtglgqrmano and benzvltributglpernano.

To a mixture of 0«55 g, of benzy;trxbucylgermnna {35%) and ‘; enayl=
dibutylgeranne (65%) in- ether (25 ceco) was added 3 amoles of butyl-
1ithtun (2 mola,) in othor. The mixture wae gtirrad 18 hr. at room
- temparature, then hydrolysed by water. After workeup in the usual way the
- product consiated of'dibaniyldibﬁtylsermane (65-5%) and benzyltributyl-

gormane (3h4e5:%) (eatinated by vepsc.). Ho tetrahutylgsrmane was givens

b) Tetrabenzylgzermans.
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Tesrabancylgsrmane (10 ge, 2209 mmole) and hutyl-lithium (25 mmole) in
ether (50 c.c.) were stirred at 20° for 10 hr, Hydrolysia and normal. work=-
up gave an almost quantitative recovery of starting material, A trace of
tcluene was detected in the solvent mixture by v.p.C., but no tribenzyl=
butylgermane or tribenzylgermane was detected., 4 similar experiment using

3 equivalents of butyl-=lithium produced the aame result.

c) Hexabenzyldigermans.
" Hexabenzyldigermane (6+8 g., 98.5 mmole) in ether (100 c.c.) was

stirred with an excess of hutylelithium for 20 hr. at room temperature.

Normal workeup after hydrolysias gove only starting material (6.5 g.).

16. Attem ted reduction of tetrabenzylgermune and tribensylgermane,

a) Tetrauonzzlgormane.
. Tatrabenz zylgermane (3 g.) and 1lithium shot (2 g.) wore stirred with

menoglyme. Before cleavage could take placo, tho lithiun was deatrqyed
by #dding an excess of 103 aqueocus menoglyme. Normal_uork~up‘gave ouly
tatrabenzylgermano and no tr@banzylgermané. | |

_In another experiment, tetrabensylgerriane (2. & é,)“in‘a§hgllgcegato
(&0 ¢.¢.) was shaken with moleoular hydrogen ot atmasaaaric'pressuré and
' in the presence of Adem's cétalyst; Ho hydrogen was absorbed by the
tetrabenzylgermane.
' b)! Iribenzylgermane.
Iithium shot (1 Be) in a solution of tribenmylgerﬁane (3:3.) in'
. moaoglyme was hydrolysed by‘10%'aqneoua hbnoglyma. No;mal work-up gave
only (PhCHa)ageH. No dibenz;lgermane was p?oduced. an evidenced by the

abaenoe"of_thé Gell, deformation hand at 11 55u.
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17. Pyrolysis of tribenzylrsewmmne,

Tribenzylgermsne (1 g.) was scaled in an evacuated tube and hooted
for 24 hr, The compound was stable at 240°, and only slight decomposition
took place at 370% At 390°, complete decomposition took place, giving
a trace of a non-condensable gas (probably Ha), toluens (055 g.),
bibtenzyl (0e1 g.), a trace of trans-stilbene, and a dark brown polymer
(0¢3 go) which wos shown by X-ray powder photograph tp contain ne

germaniun metal (Found: C, 4Ok H, 3+0%).

18. Triphenylbutylzormane.

Triphenylgermyl-lithium, from hexaphenyldigermane (2:5 g.) and
Jithium shot (0+25 g.) in 1,2~dimethoxyethene (5 c.c.), was treated with
n=butyl bromide (1+3 g.). Hydrolynis and ether extraction gave butyle=
triphenylgermane (2.0 g.) B;p. 160°/107% mn., it.pe &o-ad°'ei'ﬁethaasl
_(Fpund{ Cy 7323 3,16-8 C HE#“” {i.c. Thsgesu) roquires C, 73+2;

H, Be?)s The reaction botween triphsnylgermane ﬁnd butyl-lithium in
ather also produced small amounts of this compound (mixed m.p. and infra=
jred_sppqgrg) contrary to carlier rcporte (35).

19, Reaction &f 8iphenylrermane and n=butvlelithium.

Diphenylgermene (S g., 22 mmole) 4n ether (100 c.c.) was treated
with nebutyl-lithium (4k moole) at =10°. After 4 br. ethyl bromide
C (48 g.) waz added to the cloudy yellow solution with discharge of the
poléur. Hyérogen wes evolved on hyérolysis nnd ihe organic éxtract
(& g.) gove a liquid distillate (2:4 gu), bep. 20-140°/10;3;mm.. conw

sisting of (1)diphenyldiethylgermane'(d=1 ey 25) (TepeCo characterisa-
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tion); (44) n-bubyl henylgernane (1ed g., 2045%) bep. 100=110%/

1072 am. (Found: C, 69¢0f H, 7e7X; M, 327. CogHode (i.e. PhGe(Bu)Lt)
requires C, 69¢1; H, 7+7%; M, 313); (441) Dibutyldiphenylgermans
(09 gag 12); bepe 130-140°/1O'3 mae (Found: C, 7053 H, 8-%%; M,-
350 Choli,gle (i.o0. PhaGeBua) requires G, 70s4; H, 8¢35; M, 341). The
rogidue from the distillation gave 1,2-diethyl.1,1,2,2,~tstraphenyldi=
germane from propanol (1.5 g., 28%), m.p. 125+126+5° (Found: C, Ghe7;

- . ol . -‘ |. . P r.f r. i .
H, 548, CZSH}OGQZ (i.0. Ph,Et0s GertPnz) requires C, 65+73 N, 5:9%)
Its infrared spectrum and mixed m.p. were identical with a compound of -

similar formula (but unknown structure) isolated from degradative ex=

periments on phenylgermenium polymers (43).
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PART B. Iripbenylgermylplatinum Complexes.
1. Biatriethylphosphinebistriphenylgermylplatinum(II) (Etjl”) 2Pt(GePh3) 20

a), From trans (Et}P)aPtGig

Triphenylgermyl-lithium, from n=butyl=1lithium {20:4 mmole) end

triphenylgeraane (662 gog 20+4 mmole) in ether (120 c.c.) was added
dropwise to a solution of trans-biatriethylphosphineplatinum(II) chloride
(50 goy 10 mmole) in ether (100 c.c.). A yellow precipitate was
produced, and triethylphosphine was detected by smell in the emergeﬁt
nitrogen stream. After 1 hr., under reflux the ethaf was remeved by
distillation and the residue extracted with benzene. Filtration from
lithium chloride, and removal of benzere from the orange solution gave .

bistriethylphosphinebistriphenylgernylplatinum(II), (9:5 g., 91%), as

pale yeliow needles from methyloyclohexane. (Found: €, 55-9; H, 5-8;

Pty 19:5%; M (freezing benzene), 100k, CpallgaBe P Pt {i.e.

(Et,P) Pt(GePhy) ;) Tequires Cy 55+93 H, 5+8; Pt, 18:-85 m, 1039).
This germylplatinum complex is stable to air ond wator oven in

solution. It does not resct with alcohols or athanolic.-potassium

hydroxide. It deéomposca above 160°. and is only sparingly soluble in

common organic solvenia. Iés u.v.'Sﬁectrum in gzg!ghexana shows two

main bands at 2075 &, 10g € = 5:0 and 3005 %, log € = 436,

b). From cis (Et,F) PtCl,

A similay experiment was carried out ueing gis-bistriethylphosphine=
platinum(Ii) chloride. The reaction proceeded as above except that it

appeared to be slightly éo:e exothermic. (EtB?)ZPt(GePhB)z wes ‘isolated
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in 65¢ yiold. Anm X=ray powder photograph chowed that this matorial
wes essentially the same as that isolated from a), but with a few weak
extra lines. These may be due to a small amount of cis material in an

esgentially trang product.

2. Bistri-n»propylphosphingg;gtriphenylgermglplatinum(11).

(n-Pr., P) 5Pt(GeTh )

Triphenylgermyl-lithium, prepered from butyl-lithium (36 mmole) and
Phjﬁeﬁ (11 goy 36 mmole) in ether (100 c.c.), was added slowly to a
suspension of trans-bistri-n-propylphosphineplatinum(II) chloride (9 g.,
15¢4 mmole) in ethor (100 c.c.). The resction proceeded as above

(tri=n-propylphosphins detected by esmell) giving bistri-n-propylphosphine=~ -

‘bistriphenylgoruylplatinun(I) (17 g., 98%). Purification from benzene

gave the molvated complex as pale yelloﬁ crystala (Found: C, 6074

Hy 6¢5; Colgy 7+2. cégu?aceaygpt (1.0. (inrap)aPt(GePhE)2.C6H6)
requires C, 6003 H, 6-5; Celgo 7°0%). The unsolvated complex was
obtained by heating at 40° in vacuo., (Founds C, 57:5; H, 6:55 P, 545,
csqﬂ?aﬁearzrt (i.e. (n-Pr 2) Pt(Ge.h )2) requires C, 5773 H; 65;

P, 5¢50): This aaterial is slso steble to air and water in solution.

Its dipole moment in benzene solution was 2+4D (as asuning atom

pelarisation to be 15% of the electron polarisation).

3. Reaction of gnjpeLa with cis (thp)thBrze

Triphenylgermyl=lithium, from butyl-lithium (19 mmole) and tri-

phenylgermane (5-8 g., 189 mmole) in ether (100 c.c.), was added slowly
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to a suepension of eis-bistriphenylphosphineplatinum(II) bromide in

ether (120 ¢.c.). A heavy yellyw precipitate developed, and the mixture
was refluxed for 3 hr. The solvent was distilled off, and the residue
extracted with benzene, leaving lithium bromide (1+1 g.) undissolved.
Romoval of the benzene from the red solution gave a yellow powdér (93 go)e
Attempts to purify this from methylcyclohexane, petroleum, acetone and
ethyl acetats gave a red oil, Addition of petroleum ether to benzene
solutions precipitated an inhomogeneous orange powder (Found: Pt,

11+5%; M, 584) which decomposed without melting at 90°,

4, Reaction between Ph_GeH and (E?:?)aptBré.

)

a)e 'lranB(EtzP)aPt'Brg and PtheH in solution,

Triphenylgermano (C-1 g.) ond trans-bistriethylphosphineplatinum(II)

bromide (01 g.) were stirred overnight in ether solution at room
temperature, After removal of tho solvent, infrared examination showed

the presence of the starting materials only.

b). TranB(EtjP)aPtBré and thgeﬂ hoated together,

Teiphenylgermane (170 mg.) and trana (Et3P)2PtBr2 (80 mg.) were mixed

together and sublined at 140°/10~ mm, Infrared examination of the

sublimate showed that triphenylbromgermane was present as well as tri-
phenylgernane. Three bands atiributable to v(Pt-H) were also observed

7 The band at 2183 cm.~! 1s close to that

at 2212, 2183 and 2004 cm.”
expectod for trans (EtBP)aPt(H)Br (140). Only a trace of non-volatile

material remained after the sublimatiom.
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e). gig(Et P)aPtBr2 with Ph,GeH in the presence of triathylamine.

7 rith Py
Triphenylgermane (18 g.), cis-bistriethylphosphineplatinum(II)

bromide (1:75 g.) and triethylamine (0«6 g., 2 mol.) were rofluxed in
bensene {100 c.c.). No triethylamine hydrochloride was produced, and,
after removing the solvent, the starting mataerials were recovered un-

Chansedo

Se Trans_(Etzp) tIZ.and PyzgeLi.

a). Using 2 equivalents of PhBGeL .
A filtered solution (glass wool) of triphenylgermylelithium, pre-

pared from hexaphenyldigermane (5 g.) and 1ithium shot (1+5 g.) in 1,2-
dimethoxyethane (20 c.c.), was added dropwise to trana-bistriethyl-
phcgphineplatinum(ll) lodide in‘a 111 ether-banzens solution (120 ¢.6s) s

A preciplitate formed during the exothermic reaction, and triethylphosphine
was detected by smell in the emérgent nitrogen stream. Hydrolysis with
de-acrated water after 1% hr. under réflux gave hoxaphenyldigermsne

(14 g., 28%) as the insoluble part. Ths mixed solvents were distilled
from the organic extract, and extraction with petroleum sther (50 c.C.,
bope 40-60%) removed a small emount of tarry material. The residue was
extracted with hot iso-propancl (150 c.c.) leaving (EtsP)th(GePh3)2

(3+9 goq 54%) undissolved. The iso-propanol solution yiclded bistriethyle
ghoaghinetgighegzlﬁermylhidridonlatinum(II).(EtBP)apt(H)Geth. (6-3 ge)

as colourless plates, m.p. 150° (dec.). (Found: C, 59-3; Hy 6e2,
CxofligCeP,Pt (Lo04 (E6,P) PE(R)GEPRy) requires C, 48.9; E, 6:3%). The

Pt«ll stretching frequency of this compound shows a marked shift when



maasurcd as a pressed disc in KBr ("max s 2042 cm.") compared with the
®

value in benzene solution (vmnx s 2051 em.” ),

b). DUeing less than 2 equivalonts of Ph.Celd,

In a similar experiment, triphenylgermyl=lithium prepared from
hexaphenyldigormane (6 g.) in monoglyme (15 c.c.) was added to trans
(Et3P)2PtIa (5:5 g.) in a 2:1 ether=benzene solution (10U c.ce).
Bydrolysis, after 3 hr. of reoflux, gave hexaphenyldipermane (1+5 g., 25%).
Infrared examinetion of the organic residue; after solvent had been
romoved, showed trans (Et3F P HII (v(Pt-H), 2163 em. Yy and (EiBF}é—
PE(H)CoPhy (v(Pt-i), 2042 cme™"). Extraction with hot ethanol (150 c.c.)
left (EtjP)th(GePhs)a (2:8 g, 33%) undissolved. The ethanol solution

yielded bistriethylphosphinetriphenylgermylethoxyplatinum(II), (Et.P).Pt—
= _ _ et B

(OEt)GePh3; (0ol go) 85 colourless plates, mep. 160=170° (dec.). (Found:
Cy 49¢33 H, 6+35; P, 78, 7:2¥; H, (X~rays) 772 (density 1+48),
032H60630F2Pt (i.e; (EtSP)th(GEt)GePhB) requires C, 49-25; Hy 653

Py, 74943 H, 78C). The 'H n.m.r. spoctrum of this ecomplex at 60 Ma./sec.
showed a quartet at 6¢26 due to tho methylene of the etpoxido.“ The
ratic of this methylene resonance to that of the othor aliphatic protons
wﬁs 12155, (EtBP)aPt(OEt)GePh3 requires 1:16+5., The ethanolic mother
liquors gave a brown tar from which ﬁ;égg (EtEP)aPt(H)I (0+5 go) (v(Pt=i),
2163 en.™! " n.m.r. in CED(PL)H, ¥ , 22-8) vas isclated by sublimation

(100%/10™%

mm.). Chromatography of the non-volatile residue on alksline
alumine (elusnt 131 benzene-petroleum (b.p. 40-60°%)) gove a trace of

.(stsp)zptxa (Found: C, 21.0; H, 4.8, C1EH3012P2Pt requires C, 2103
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Hy 4e475), tetraphenylgermane and gégtriethylphosphineiOGOphenylplatinum(II).
(EtP) PL(I)Ph, (0+22 g.) mieps 101=102° ex methanol (Found: C, 34+0}
Hy 545 018H351P2Pt (1.e. (EtjP)aPt(I)Ph) requires C, 34¢03 H, 5-55% .'

A similar sxperiment using half the amount of triphenylgeruyl=
lithium gave scme hexaphenyldigermane and (Etjy)aPt(GePhj)z (1.0 go)e
Crystsllisation from ethanol gave the ethoxyplatioum complex, (Et3P§é—
PL(OEt)CePhy, (05 g.) and unreacted (Et,P),PtI, (2 ge, 363). 'The tarry

residuo (15 g.) again contained trang (Etsp)aPt(H)I.

6. Iodotrimethylplatinum(IV) and triphe rmyleldthium,

A filtered solution of triphenylgernyl-lithium; from hexaphenyl=
digermane (1.3 g.) and lithium (140 g.) in 1,2-dimethoxyethane (20 c.c.),
was added slowly to Ma}Pti (1225 go) in a 2:1 mixture of benzeng=sther
(100 ce.ce)s The mixture was stirred at room temperature for 18 hr.,
during vhich time the colour deepened as a black precipitate was given.
The soluble part yielded only triphenylmethylgermane, PhEQeHo 90033(09).
788 en.=1; v(Go=CHz), 586 cm.-1). The black residue (11 g.) showed no

infraraed bonds end i ted in aire

Reactions of the Oermylplatinum complexes (RngaPtQGaPhalag

7. Therma) decomposition.

a)s Pyrolysis of (npsfé?)apt(GePh:}a.

The complex (0332 g.) decemposed in vacuo at 120° and at 175°
-ly

collapsed to aiblack tar. Fractionul sublimation (250°/10"" mm, for 1 br.)

gave tetraphenyigermane (35 mgey Mepe 227&235°) and hexaphenyldigermane
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(25 mge, Mepe 351-553°) together with benzene, propylene, and tri-n~
propylphosphine. The black, X~ray amorphous residue (170 mg.) was froely
soluble in benzene giving o brown solutiom. (Found: C, 42:9; E, S«93).

Prolongod heating at 230°/10~"

rmm, resulted in further loes of Phhpe and
?h6602 (50 mg.), when the black amorphous residue was insoluble in benzene.
Its infrared spoctrum still showed bands associated with phenyl and propyl

groups (Found: C, 20+0; H, 2:2%).

b). Pyrolysis of (E?BP{Q?t(G°p¥3)2'
The complox (0203 g.) dorkened in vacuo at 155° and at 180° a white

sublimate (Ph“Ge) formed. At 193 the compound collapsed to a black
liquid which became increasingly viscous as the temperature was hgld at
230° for 30 minutes. Ph.Ge (41 mg.), PheGe, (15 mg.) and a black,
benzene soluble residue (8?.mg;) were isolated as pre?ioﬁaly described,

together with benzene; ethylene and triethylphosphine,

8. (n-Prs?iéft(GoPh:)a with triphenylphosphina.

The ccmplex-(nnPr P)aPt(GgPh3)3 (0e3 go) and triphenylphosphine

{023 g.) wore otirred in banzene for 3 dayn at rooﬁ temperature. After
renmoval of the benzene under vacuun, oxtraction ¢f the residue with hot
methanol (50 c.c.) removed the triphenylphosphine and left only (n-PrBP)E
: Pt(GePPEQa. Infrared examination of the products gave no evidence for a

triphenylphoephine complex.

9 (n7Pg§F)aPt(GePﬁzlé and diazo@;thane)

To a solution of (n-PrBP)aPt(GePh3)2'(353 mg,, Oc3 mmole) in benzene



(10 c.c.) was added = molution of diezomethene (1 mmole) in ether (2¢7 c.c.).
After stirring for 24 hr. the solvents and cﬂépa were removed under vacuum.
The bistri-n-propylphosphinebistriphenylgermylplatinum(II) wes recovered

intact.

(EEP)aPt(GePhB)a with phenylacetyleno, ?E:Gesr and Ph,GeH,

a). Phenylacetylene,

The complex (EtsP)ZPt(GePhB)z (C-2k g.) was dissolved in PhC=CH
(10 Gecs) and heated to 95° for 1 hr. The phonylacetyleone was distilled
-~ ft\o
-OuU

off and the residue extracted with petroleum ether (b.p. s 20 GeGely

leaving unchaonged (&t P) Pt(GePhB) undiasolved.

b). Triphenylbromgermane.

(EtBP)QFt(GePhE)Z (0«25 ge) and Phsaosr (0¢186 goy 2 mol.) were
diseolved in benzene (25 c.c.) and the mixture was refluxed for 1 hr.
Removal of tha solvant and extraction with hot ethanol left (EtEP)EPt-

(GePh5 2 undisgolved, The ethanol sclution contained triphenylbromgermane.

c) o TIri Eghegy Elzmm v

An er;e’iﬂen similar to b) was attempted using {(n-Pr. P) Pt(GePh T'
(0-?5 gs) and Phjpeﬂ (68 mg.). No reaction tock place aftsr refluxing in

benzene for 2% hr,

- 3 n
1" téi) Pt (el u3) and iodine.

Dropwise addition of iodine (89 mg., 0«35 mmole) in bonzene (13«8 cuc.)
to the caomplex (Etjp)aPt(Ge?h})z (036 goy 034 mmole) in benzene (20 c.c.)

resulted in imnediate discharge of the icdine colour. The residuo, after
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removal of benzene, wae extracted with petroloum ether (b.p. 60-80°)

giving starting material as the insoluble part (015 g., 42%). Sublimation
(110°/10'“ mn,) of the petroleum goluble material followed by crystallisa-
tion from ethanol gave triphenyliodogermane, meps. 149-154°, and trans-
bistriethylphosphineplatinum(II) iodide, 8.p. 133~135° (Founds C, 21+2;

By 45, C AL roquires C, 2103 H, &elff). A troce of hexa=

| 123082 ,
phbenyldigermoxane was also isolated, presumably produced by hydrolysis of

triphenyliocdogernane during work-up.

12 SE%EE?aPt(GaPn )2 end carbon tetrqchloridea

A fow exrystals of the germylplatinum complex were boiled in carbon
tetrachloride for 5 min, Rembval of the smolvent left triphenylchlor=

germane and trans nbistriethylphaaphineplatiuum(II) chloride (Fh_GoCl:

3
v(Ge=Cl), 379 cm. 1; v(Go~FPh) 328 cm. 1; characteristic band at 257
o™ irans (5t,P),PtCl,: v(Pt-p), 415 cm._1; v(Pt=Cl), 340 ;m.“1).

13. Reaction with 1.2-d1bromethane.

a) (Etzp)grt(chyﬁ{g

Distriethylphosphinebistriphenylgeruylplatinun(il), (04 g.) ond

1,2=dibromethane (20 c.c.) were heated under reflux in a slow streasn of
nitrogen for 20 bhr., the emergent poses being passed through traps at
<78% and -198°, Ethylene (9:84H. c.c.j 57%) wos isolated from the liquid
nitrogen trap. Sublimaticn ef tho residue (‘lOO"/’iD'3 mm.), after remowval
of the excess 1,2~dibromethans, gave trans=bistriethylphosphineplatinum
(11} brovide, EtﬁP)aPtBra, Mepe 128-133° ox ethanol, and triphanylbroﬁ-'

gormane, Ph,GeBr, m.p. 135-137° ex ethanol in a combined yield of 025 g.
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The recidue from the sublimation (0+17 g.) guve gis=-bistriothylphosphine-
platinum(II) bromide, m.p. 200-202° ex ethanol, and hexaphenyldigermoxane,
(Ph,Ge) 0y mape 176-179°, The latter was prosumably formed by hydrolysis

of bromtriphenylgeraane in the working up process,

b) (n~1’r}?) aPt(GePh.-!) 2

The trien-propyiphosphine complex; (n—PrsP)aPt(GePh3)2 (49 mg.) and

1y2=dibromethane (10 c.c.) vere stirred at room temperature in a vacuum
apparatus, The reaction was complete after 12 days, giving ethylene
(199N, Caco; 99+65). The rate of produstion of ethylens slowod cone

siderably after half the g&as had evolved.

™ (2,P) P Pt (Ge

Ph: 2’ and hydrogen chloride,
‘The triethylphosphine complez, (T 3'3 }2pt GoPh, )2. {0e22 g.) in

benzene (20 c.c.) was treated with an excess of dry hyirugeﬁ shlorido.

-Tﬁe yeilpw a&lntiqn raﬁidly paled, Sublimgtion of the reuctibn prﬁdﬁcts

(900/10*4 mm,) left a trace of hexaphonyldigermoxane as residues The
oily_aublimate eontained trinhenylgermane, triphenylehlorgermane, trans-

bistriethyirnospnzn ydrmaoplu*lnum\iil chioride and tg 4q=é;étrieéhyi=—”—

phosphlnoplatlnu IT) chloride. (PhQeH: v(Go<il), 2036 em,” 'y oW RaMaTs,

3 . ]
-1,

k1]

~x(Ga)H, lm:. {Et !’.)aPi:(H)"la v(Pt-F) 2185 ems H n.mers, T (PE)H,

26474 Ph,GeCls v(06=C1), 379 cm.” trams (% t,p) 2PtCL,:  v(PE=C1),

3‘51 cm._1; V(PE-P). %i2 cm.“ _}.
An analagous experiment using the tri-n-propylphosphine complex
" gave similar products, and in this case cisabxstri-napropylpheephine=

platinum(II) chloride, m .p. 145-150 s was isolated by, fractional



crystellisation from methanol, As it was established that hydrogen~
halogen exchange can take placo under certain conditions (Experiment &),

soparate experiments on both complexes coniirmed the presence of nll the

products before the sublimation stoage.

15. Reaction with methyl iodide.
a)e (n~Fr,P)_pt{GePh,)..

(n-Frf) Pt GePhy)
Tho complex (0+45 go, Ookt mmole) and methyl Lodide (6 c.c.) were

heated in an evacuated sealed tubo for 6 hr. at 118°%. HMothape (3561 c.c.,
0+16 mmole) and cthane (602N c.Cay 027 mmole) were isolated when the
tube was opened te a vacuum sysatom, Remoﬁul of the excess methyl ioéide
left a complex mixture «f products (0.53 g.) which yielded, by fracticnal
crystallication first from acetone then from ethanol, iedotriphenyl-
germons, m.pe =147, ;g&gg:gggﬁri-n-propylﬁhasphineplatinum(II)
iodide, m.p. 112—11h°, and, in small yield, red crystals of the binuclear
complex, Lrans (n-PryP), Pt 1., mep. 198-201° (Found: C, 18:0; H, 3+5.
ciBEQEIAPEPtE requireé Cy 1773 H, 3-58).

__;q_q_é;milgr experiment the ¢rude reacticn g#g;ugg_wag'pqilgd vith
athanolic potassium hydroxide, Sublimation of the sther soluble part
gave triphenylmethylgermane as the only volatile component, m.p,-'68--696
ex methanol. (Found: C, 70:9; H, 5:6, c19H1see (1.0, Phageﬁe)

requires C, 71¢5; H, 5¢7%).
b) (Etj?)aPtheth)z.

The complex (Et,P) Pt(GePh,), (0+3 g.) was hoated in a sealed,

evacuated tube with methyl iodide (5 c.c.) for 6 hr. at 115°. As before,
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the main producto vere the iodides PhBGeI (60 mg.) (m.p. 143-148° ex
acotons) and trans (EtSP')aPtI2 (100 mg.) (mep. 133-135° ex scetone). The
residue (O-1 g.) which contained mainly PhBGeHo. gave trace gquantities of
unidentified white and red crystolline compounds by fractional crystale
lisation from benzene and acetons., Both compounds appeared to contain

Etgp, Pt and I, but no PhBGe groups.

16. (n~Pr P)aPt(GePh )2 and mognesium icdide.

2 2

a)e Reaction time 2 dayc.
The complex (n—PrBP)EPt(GePhZ)2 {047 g.) in benzene (10 c.0.) was

added to o filtered solution of magnesium iodide, prepared from iodine
(0«5 g.) and magnesium in ether (100 c.¢.). The mixture wus stirred at
room temperature for 46 hr. Hydrolysis with air<free¢ water gave &
eloudy oruenic extrast from which the solvents ware removaed by dis-
tillation. Extraction with het ethanol left a tracs of hexaphényldi—
germane uadissolved, The ethonol sclution ylelded first traons

(n=PryP) PtI,, m.ps 116=117% (220 mg., 685) and then Phel, mep. 145=
147° (90 mg., 205). Sublimation of the residue (600]16-# mm,) gave an
inseparable mixture of triphenylgermane (v(Go=R), 2034 cm."1) and a
hydridoplatinum complex having v(Pt<H) at 1731 cBe~! The residue from

the sublimation consiated of a trace of hexaphenyldigermoxane.

b). Reaction time Z0 minutes.

A similar experiment using (n—Prﬁp)éPt(GePhj)z (Celi2 g.) was
hydrolysed after 30 minutes. The products at this stage included PhBGeH
(v(Ge-H), 203k eme™ ") and two hydridoplatinum complexes (v(Pt-H), 2156 and

1731 cm.'1). Normal work up gave hexaphen&ldigormane (5 mg.) and, from
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ethanol solution, bistri-n~propylphosphinetriphenylgermyliodeplatinum(II),

(n-Pr,P) Pt(1)GePhy (36 mg.) as pale yellow crystals, meps 148-149°
(Found: C, 45.8; H, 6.3, CBGHB?GeIPaPt (1.0, (n-PrBP)ZPt(GePhj)I)
requires C, 55+2; H, 6-1). On further concentration in air, hexa=
phenyldigermoxane (120 mg., 51%) separated, and the filtrate was then
free frem triphenylgermene. It appears that platinum complexes which were
also present catalyss the serial oxidation of triphenylgermane, Sub-
limation of the residue gave a mixture of hydridoplatinum complexes

(v(Pt-H) at 2165 and 1731 om.”') which could not be separated.

17. Hydrogenolysis of (gégiaPt(Gethig

g). (Egjr)apt(eephsgé

The complox (042 g.) in ethyl acetate (100 ce.c.) was shaken with
hydrogen for 5 hr, a£ 1 atmosphere ond 20°, The initial deep yellow
colour of the solution was completely discharged. Removal of the 3olveht
left an oily residue from which triphonylgernane (v(Ge=H), 2034 em.™ )
was removed by extraction with light petroleum (b;p. 40-60%). The
residue of bistriethylphosphinetriphenylgermylhydridoplatinum(II)

geparated from banzenalaolution as white crystala, m.p. 150°

(dec.)
[Found: C, 48«53 H, 6¢1; P, 745, Be5%., H, 726. Cofly goP Pt (i.e.
(Etjp)aPt(H)GePhs) requiros C, 48+9; H, 6+3; P; 8kl M, 736). A
crystalline cpecimen of this material was unchanged after 6 months in air.
Addition of Adam's catalyst to a similar reaction did not noticeably

accelerate the reaction and did not lead to cleavage of the second

Go=Pt bond.
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b)., (n-Pr§P> Pt(Ge“<§T-

The complex (0400 g., 0¢36 mmole) in tolusns (20 c.c.) was stirred

magnetically in hydrogen (partisl pressure 21 am,) for 21 days., The

deep yellow colour faded progressively over this perlod giving triphenyl-

germane (v(Ge=ll), 2034 cm.-1| 'H neMere, - (Ge)H, 4+2 4in bensene

‘solution) and bistri-n-propylphosphinetriphenylgermylhydridoplatinum(IX),

- (nePrgP) PL(H)GOPhs, (v(PL-H), 1957 em.™"} B, absorbed, 031 mmole.

Calculated for the hydrogenolyais of cne Ge~Pt bond, 036 mmole).

Separation of the two reamction products was not possible due to their
slmilar soclubilities, Attempts to remove triphenylgermane from the
mixture by sublimation led to the decomposition of the hydridoplatinum

complex.

¢). Reaction rate messurements.
| In two experiments, (n—PrBPiaPﬁ(GaPhB)Z (302 wg.) in toluene

(20 cvc.) wes introduced into flasks equipped with break-seals, and,
after thoraugh degasoing, hydrogen aas adaitted to a.hleve esaeﬂtinlly
the vame initinl partial prossure of H at 0° and 25°% ‘The flaskc were
then senled, and agitated vigorously for 24 hr. at 0° and 12 hr. at 25°
recpactively when oxceooc hydrogen was teasured.

gg;gi:l twO '"P(Ka) = 186 mm, V(E ) = 377N c.c.

© ta2r P(E) 5 70 mm. V(B = Shbli cuc.

< Reaction = 548,
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At 25°  t e O P(H,) = 181 mme  V(H,) = 3356 c.c.
t = 12hr. P(Hp) s 155 mm, v(ﬂa) = 28.7W c.c,

% Reaction = 80«1,

™ bd ( g b - 4] ™
18. (n Przp)aPt(GePhi)g and phenyl ;it;ium

Etheriol phenyl~lithium (40 c.c., 0+6 molar) ond bistrien-propyl
phosphinebistriphenylgermylplatinum(II) (039 g.) in benzene (20 c.c.)
wore stirred at room temperature for 3 days. Hydrolysis and normal work
up gave g;g:g;g;ri-n-ponylphosphinediphenylplatiuum(II), MePe 151-153°
(dec.) ex ethanol. (Found: C, 54¢0;5 H, 7.8. 030852P2Pt (1.c.
(n—PrsP)anFha) requires C, 53-8; H, 7¢8%). Triphenylgeraane was
isolated from the sthanolic mother liquors by sublimation (556/19-3 mme)
after removing the solvent, Ixpsriments in which scme bromobenzena was
present (from the preparation of the Phid) gave, in additione tetra=-

phenylgermane by the reaction: PhBGeLi + FhBy ~—> . Fhuge.

19. (anrBP)ZPt(GePhé)E and lithium nluminium hydride,

The complex (0«6 g.) in banzene (40 c.c.) was added to lithium
aluminium hydride (10 g.) in ethor (100 c.e.). The yellew solution
deenaned in solour over 2 days at 200, when the éther was removed by
disﬁillatihn and replaced by benzene. Filtration gave a colourless
solution containing oaly triphenylgarmnné (032 g., 93%).(v(Ge;H),
2035 cm.-1). Excess lithium alumiﬁium hydride was removed grom #he
residus by washing with dry ether. A yellow platinum complex, in-
soluble in organic solvents, remained. This did not react with either

bromobenzene or methyl iodide at 20°, and on exposure to air, it caught
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fire. Treatment with aquecus ether at -73° resulted in some offorvemcence,
and on warming to -20° platinum was deposited with further evoluticn of
Ha, accompanied by a cmell of tripropylphosphine, Addition of triphonyl-

phosphine did mot lead tc & stable hydrideplatinum complex.

Reaotions of the Qermylhydridoplatinum complex, ( )2Pt(G°PhB)H

20, Stability to alcohols, ketones and bases.
Small samples of the complex (Et3P)2Pt(H)GePh3 were dissolved in

refluxing acetone, iso-propanol and ethanolic potassium hydrcxide. In
each cage the materianl was recoversd unaltersd. A crystalline sample

of this material was stored in air witliout change for oix montha,

21. (n-‘PrSP)aPt(H)GePh3 and diazomethane.

The complex (n—PrBP)an(GePhBIE (Oshy go; 0236 mmole) was dissolved

———

in a 131 benzene-toluene mixturs (20 c.c.) and stirred with hydrogen
»(partial_preasure approxs, 20 mm.) in a vacuum appératus. ﬁptake cf
 hydrogen ceased aftar 3 weeks uﬁen.?ezﬁﬂ GeGe (913) had beon absorbed.

To the products of the hydrogenation jﬁn.equimolnr mixture of
, (ﬁ=Pr3P)aPt(H)GaPh3'anﬁ PhBGsﬁi was added éiazq#etﬁang (2 mole) in
ether (525 c.c.). After stireing the mixture for 24 hr, at room
tomperature the solvents wers remeved by continuous evacuation. The
aemi-solid'reaidue was shown to contain only the two h&dridea. indicating_

. that diazomethane does not react with either the Pi~H or Ge-H bond.

22, (Et,P),Pt(H)GePh, and PEt,.
Bl > 2

The complox (Et3P)2Pt(H)GePh3 (10 mg.) in ethancl (10 c.c.) was




refluxed under nitroren with triethylphosphine (1 drop). #An infrared
axamination of the producst after removal of the solvent indicated that
most of the hydridoplatinum complex had survived unchanged; but weak
bands at 2033 cm.” (due to 3“39*5) and 859 cm.”" (due to (FhﬁGe)zo)

indicated some cleavage of the Pt-Ge bond,

23 (EtjP_)-Pt(H)GoPh: and trans (ht&?tl

The complexes (EtBP)aPt(H)GePh3 (23 mg.) and (Et

3?) SPtL, (5 nmg.)

were refluxed in ethanol (20 c.c.). On eooling, pure (EtEPJEPQ(H)GaPh3

crystalliced. The mother liquors contained a trace of hexaphenyldigere

aoxane (v(Ge-0) 858 cm.” 1) as well s the two complexes,

Reactions of the Gthoxyplatinum complex, (EtéP)ZPt(OEt)GePhél

24. Et.P and Ph,P,

A sample of the ethoxyplatinum complex (EtBP)aPt(OEt)GaPhB (100 wg.)
was recryatallised from ethanol to which a trace of Et3P had been
added. Ths complex was recovered uachanged, and no evidence indicating
cloavage of Pt=0s bonds was cbtained,

In another axperiment the ccmplex (45 mg;) woo discolved in sthanol

and triphsnylphosphins (45 ng.) was 2ddad. On slow evaporation of the

‘selvent, the two compounds orystalliszed separately, and no suggestion

of phoaphine exohange was found,

25, (Etﬁ)zl?t(CEt)GePy2 and hydrogen.

Hydrogen gas was bubbled through a sclution of ihe ethoxy complsx.

(0+1 g.) in benzene (20 c.c¢.) for 18 hr. The (EtBP)aPt(OEt)GeEh3 was
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recovered unchanged. A similar result was obtoined when the experiment

was rexeated using palladium=black catalyst.

26. (htBP) 2?t(0i-1.t)GePh3 end iso-propanol.

The complex (50 mg.) was dissolved in hot iso-propanols On cooling
the eolution ylelded bietrietiylphosphinetriphenylgernyl=iac=propoxy=

platinum(I1), m.p. 162-172° (dec.) after further recrystallising from

iso-PrOH. (Found: C, 49«63 H, 6.5, eOP Pt (1.0, (EtJP)aPt-

C33H50
(opr* )GePh ) requires G, 49-9; H, 6-6%),

- 5 ) T iy ;
27, _(btlp)- 2Pt(0bt)Gelh5 and methanol.

In en experiment similar to above but using metbanol, bistriethyl-

Ehosghinetrig_he,_n'glgermglmtho 1atinum(Il), mep. 172+180° (dec.) was

given (Found: C, 48465 B, 636, Cy,H 4G60P Pt (1,.5; (5:$,P) ,Pt(CHe)~
GePhB) requires C, 48¢6; H, 6315,

(¥} P “tl [ ]
28, (B tsP) 2 t(OF )Geph3 and water

The complex (EtBjP) Pt(OEt)GePh (20 mg.) was dissolved in acetone
{50 c.c.) &nd wvater was added dropwise pntil a precipitate began to
forme The solution was heated and allowed to ¢ool, when bistriethyl-

phosphinetriphenylgermylhydroxyplatinum(il) was deposited as white

needles, m,p. 153‘1560 (dec.)e (Founds Cy “?06‘ K. 5'80 GBOH%GBOPEPt
(i.o0. (EtsP)aPt(OH)GwPhj) requires C, 47:9; H, 6+2%). This complex
shows a sharp band due to unsssociated OH at 36%0 emy” Heating at 100°

in vacuo does not lead to dehydration, and treatment with ethanol re-

le
S5 \}\\
§ 2o pEwCs

pemicl
A S5 RON

generates the ethoxy complex.
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Platinum(II) Gripnard Reagents,

29, _g;gﬂEtBP)aptBré and gyclohexylmagnesium bromide,

Cyclohexylmagnesium bromide was prepured from gyclohexyl bromide
(?=5-g.) ond magnesium (1.2 g.) in ether (100 c.c.) and filiered from
oxcess magnesium through.a grade 4 sintered disec. A 5 c.c. aliquot of
the solution was hydrolysed by wator ond v.p.c. analysis of the organic
part showed that it contained cyclohexane, but no cyclohexene or bl-
cjclohexyl, The remaining Grignard resgent was split into 2 parts and to
sach ggg(Etjp)aPtBré (1:5 g.) was added. The two reaction mixtures were
stirred for 2} hr. at room temperature, during which time a black oil
wan deposited,

The firct reactiom mdxture was hydrolysed gith da=-goratad weter,
After drying the ether extract (Mgso“), VePsO. examiration of the
solvent revealed traces of cyclohexone &nd biggg;gpaxyl-as well as ¢yclo=
hexane, Removal of the solvent left a rusidue (1 g.) consisting mainly
of trans~bistriethylphoaphine hydridobromplatinum(II), (v{it~H) 2217 ém.-1)
and some Egggg(EtEP)thBra (n.p. 134=-136°). The ether-insoluble tarry
regidue (0.5 g.) also yielded a trace of Egggg(ﬁt3?32Ftﬁra by extracting
with methanol. | -

The pecond reaction mixture was hydrolysed with D

2

O, The ether
soluble part this time gave at 2:1 mixture of (EtBP)aﬁt(ﬁ)Br and |
(Et3P)2Pt(H)Br (w(Pt=H) 2217 cm.”1; 6(Pt-H) 812 em.”; w(Pt=D) 1502 em.” Ny
8(Pt=D) 577 cm.™'; mep. 99=100%). Extraction of the tarry rasidue

(0e5 g.) with methsnol again gaAvo trans(EtBP)aPtBra.
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A separate experiment showed that the dsuteride was not formed by
H~D exchange, since deuterolysis of 66311H38r followsd by addition of
(EtBP}ZPt(H)Br produced no absorption due to Pi-D. A separate experiment
aluo eatablished thai bigcyclchexyl was preduced at 200 by the resctiopn
between CGH113r and 06311Hgﬂr. An attempt to prepare the platinum
Grigoard reagent using only 20% excess cyclohexylmagnesium bromide
(instead of & 10=fold excess as above) failed; no evidence for the

presence of a Pt-% bend being found.
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LXPERIMENTAL METHODS.
1. Nitrogen Supply.

A1l reactions and operaticns inveolving olr sensitive compounds op
intermediates were carried ocut in an atmosphere of pure, dry. oxygen~free
nitrogen. Purification was effected by passing commercial "white spot”
nitrogen through copper turnings at 450° to remove traces of oxygen, and
then through a column of moieculnr aieve to remove water. In additiom to
this, for critical experiments, the nitroren w»s then pessed throush a

- o .
trap at =198 to remove final traces of moisture.

2. Infrared Spectra,

The ragion 2:5 = 251 was rocerded on a Grusb-Paraons Celle2A oOr
Spoctromaster Specirophotometer, .Splids were examined as pressed discs
in FBr or KI or ag nujol mulls: liquids were examined as thin films
between KBr or KI plates. In special cases, infrared spectra were moasured
in solution,; using an unreactive solvent which was transparent in the
dosired region, The region 22 = 50u waz recorded on a Grubb-Parsoas
D.H.2/D.B.3 Spoctrophotometer, solids being eéxamined as nujol mulls
betweon cssium lodide plates. Throughout thio work tha identity of known
compounds was oftsn confirmed by the complets superposition of thelr i.r.

speeirds

3« Yapour-Phase Chromatographye.

Vapour phase chromatograms were recorded on & Griffin and George
Mk.IIB apparatus., The stationary phage was silicone elastomer on kieselguhr,
and this was maintained at a temperature near the boiling point (at 1

atmosphere) of ths least volatile compound to be examined. The carrier gas
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was nitrogen aé a flow rate of 1 litre/hr. and an intsrnal excess pressure
“of 15 om.

Identification of the compbnenta>of a mixture was effected as follows,
First a chromatogram of the mixture was obtadnad, and the rotonticn times
of various pesks was compared with those of the suspected compounds, ‘then
a ¢lose correspondence was found, a sample of the mixture, te which had
been added a small amount of the suthentic oompound, was injected. The
non-appeavance of an extra peak and tie stresgthening of one already
present astablished its identity.

The emount of sample injected varied from 2 drops (for pure cumpounds)

to 1 2e¢e (for dilute molutiens),

4. Huslear Magneti¢ Resonance Spectra.

'H nuclear mognetic resonance spectra were recorded on an A.B.I.
R.S:2+ dnstrumont. Vhore-ever possible pure liquids or solutions in CCY,
were used. When CCl, proved too reactive (as in the case of gormanium and
platinum hydrides) 6636 cr csns wao ucod. [Hoasursments ralate to tatra-

methylsiland {(-T-= 10) as internal standard.

5. Selvente.

Benzene, toluene, patrolsum (B.D.H. "analar grade™) and diethyl
elhor were dried by standing éver sodium wire for 1 weeks 1,2-<Dimethoxy-
othane and tetrnﬁydrofuran'uurefinitially treated by standing over
potassium hydroxide for 3 days. They were distilled under nitrogen
immedietely befove uss frem potassius and benzophenome or from ithium

sluminium hydride,
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AALYTICAL HMETHODS,

1. Carbon and hydrogen annlyses were carried out in the analytical
laboratory of this departmont under the dircction of lr. fi Holmea, ond
also by brse Weiler ond Strousc of the micro-mnalytical lsboratory, Cxford.
A high témperatnro of combustisn was required to achieve complete

oxidation to CO2 and Hao.

2. Germanium was estimated in compounds which alao contained only carbon,
bydrogen and oxygen. The method employed was similar to that described
by Rochow (9). The sample (Ce3 g.) was decomposed in a 50 c.c. silica
flask with a long neck (10 cm,) by the cautious addition of fuming

nitric acid (10 c.c.) at 0°. The solution was allowed to warm to room
temperature and ammonium persulphate (1 ge.) and 6if sulphuric acid (2 c.c.)
wvere added., After standing overnight the solution was evaporated to
dryness on sn electric heéting mantle and the residue fumed with con-
centrated sulphuric acid, After this the flask, suspended by platinum
vire from = glaso beam, woo ignited to constant weipht, and the germanium
estimated from the weight of oxids, Go0,.

Copolderable difficuiiy was exporlenced with compounds aontaining
more than-ana methyl group bendod to germanium, For example 2ll attempts
to cotimate Ge in (PhCHE)ZGeHea by thic method failed, An attempt to
measurc the mixed oxides of silicon and ger@anium from (PhC!-IE)EQe-SiHo3
also produced a low resul%, It woo concluded that the germaniumemethyl
(and silicon-methyl) bonds in these compounds resisted oxidation leong

enough to escape a3 a volatile oxide during the fuming stages,
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3« Molecular weighis.
n{ The mzjority of molecular weights were measured orycscopically

in bensone. The solvent used was B.D.H. "analap" bensene that had been
dried eover sodium and standardised with either biphenyl or triphenyl-
phosphine, The method and apparatus are now well known but it 48 of note
to mantion the following polants, as attention to them led to more con-
asistent results;
i, The dooling bath was maintainod at¢ about ?° below the freewing
point of the solutica.
it. A Blovw stream of nitrogen waa passed cover the a¢1utiuu, to which
a plece of molecular sieve (grade S5A) hod been added to remove
iraces of condenced water.
iii. Gare wag taken to ensure that the stirrer did not interfere with
the Bechmann thermomster. |
b)s A "Mechrolab Cemcmeter" was used to dqtormiﬁe the molecular
weights of some eompounds. In this instrument a drop at ire soivent and

a drop of the solution are aaupendad on two thermistor besads emclosad in

an asmoaphera saturated wiih solvent vapour. ﬂfter & fixed tice 1nverva¢,
the temperature differende botween the two qrﬁps Vas raﬁd and the wmolecular.
weight !auné by referring to & calibration curve, drawn by performing
ingasurduents on known compounds (tetraphenylgermone and biphenyl were

used at concentrations ranging from 0.003. to 0-08H.). All measurements

‘were made in bonzene at B?Qa '

ke Platinum was estimated by waighing ae ths metal after degrading the

compound (186). About O-4 g. of the compound was placed in a 10 G.0.

beakor and 2 c.c. Of cone. Eﬂ05 wero ceutiously added, After 3 c.c. of
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fﬁMing nitric acid had becn added, the solution was boiled until 1t

became clear. Two successive aliquots of 2 ¢.c. of conc., HCl were then
added, and after each the solution was bolled gently to remove germanium
{as GeCly) and nitric oxide. The solution was tramsferred to & 500 c.c.
round=bottom flesk and diluted to 150 c.c. with water, Aftsr neutralising
with NH . OH, 10 c.c. of ammonium heetate solution (saturated) and 10 c.c.

of formic acid were added. Platiﬁum metal wns given &s a black precipitate
on warming the mixturo to 80° on a water bath. The precipitate co-
agulated on boiling for 6 hr, and was collected on a u0. 40 filter paper
(ashless). After washing and drying at 100°. the paper and piecipitate

were ipgnited in a siliea flask prior to weighing 2= metal.
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PREPARATION OF STARTING MATERIALS AND REAGENTSo

. Fhenyl-lithium was prepared from lithiuwm and bremotenszens in diethyl
ether, A 10% molar excesc of lithium was used in the fofm of shot, which
wag prepared by the standard method (187). Bromobenzene in ether was added
at a rate sufficient to maintain refluxing in thé ether suspension orltﬁg
lithium shot, About 1G0 é.e; of ether was used for 0;1 mole, and the
yield of pﬂenyl-lithium (estimated by titration against O«1N H,80, after
hydrolysis) was about 95%. Filtration through glass wool removed the

excess lithium zshot,

2. n=Butyl-lithium was prepared from butyl bromide and lithium aﬁof in

other as above: After initiation, huwever, the resction was maintained at
-10%, and estimation of the butyl-lithium was achieved by the double
titration methed of Gilman (188) uming bensyl chleride,

3. Bengyl-lithium was prepared from PhCH200K3 and 1lithium shot in a
tetrahydrofuran-ether mixture (185). - Estimation wes by double titration,

4. Benpylmegnesium ghlorids wes propared from bensyl chloride and
magnesiun turningc (10 molar oxcesa) in diethyl ether {100 6,6, gelo;ﬁ
mole of érigaard reagent). The reaction wsa initiated by a orysbai of
iodine and the benzyl chloride ir ether wes addéd at a rate oufficient to
maintain éefluxingaz-Tho yield ias not aétimated as & large eénoéa uﬁs

always employed.

5. a-Butylosgnesium bremide was prepared similarly from butyl bromide and
magnesius in ether,
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6. Cyclohexylmagnesium bromide, prepared as above from gyslohexyl

bromide and magnesium in ether, was filtered through a grade & sintered
disc to remove excess maghgsium {for method see (183)), All operations

on this and the precoding reagents were performod under nitrogen,

7. Tetrabenzylgermane was prepared by adding GeCl, (0+5 mole) to a
solution of benzylmagnesium chloride (5 moles) in ether (3 1it.). Toluene
(300 coce) was added to raizse the beiling point and the mixture was
refluxed for 6 hr, Hydrolysis end isolation in the usual way gave .
tetrabenzylgermane in about 95% yield, m.p. 110° from petroloun ether
(beps 80-100°), The Grignard reagent was not filtered as it has been

obgerved that magnesium does not cmuse coupling in thie reaction (39).

S, -Tbtrahutxlggrmane ums‘prepared as abovo using n<butylmagnesium bromide
and germanium(IV) chloride. The product was isolated by vacuum distil-

. lation (90“/10'3 mm,), and its pufiﬁy was checked by vep.c.

2. Hexgphenyldigormene was propsred from the reaction between phenyl-

~magnesium bromide and GeCl, in the presenco of excess magnesium (39).
Yields of 607 were ebtdainoed, and the produc£ was recrysﬁallised from

' chloroform by Soxhlet oxtraction (m.p. 352°).,

10, Trighenzlgé#mane was prepared by the reductian.of triﬁhenylbrom-
germane using lithium alusinium hydride (189}, Bromine (29 g, 0+125 mole)
vas. added dropwise to a refluxing solution.of hexaphényldigermane (?6'5.,
04125 mole) in 1,2-dibromoethans {50C c.c.). Decolorisaticn of the
bromine was rapld and the solvent was then distilled off. The product was

dissolved in a 131 etber=benzene mixture (700 c.c.) and added slowly to
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lithivm clusiniun hyéride (30 &.) In cother (1 1it.). After refluxing

for 2} hr, followed by cautious hydrolysis with 2N H,80,, triphenylgermare
was isolated in the noual way. FPurification was by vacuum dletillution
(1&0—146"/10'3 mm,) followed by erystallisstion from ethanol or peivcleum
other (b.p. 40-60°).

1. 2Deiphenylgermyl-lithiuws was prepared either by cleaving hexaphenyle
digermane by lithium 4ia 1,2~-dimethoxyethane (109) or Ly reacting tri-
phenylgermane with cme equivalent of nebutylelithium (35) in ether. The
msthods have been deaoriled in the introduction to this thesis (pages

27 and 28).

12. Gormanium(IV)icdide was prepared Ly the resstion between constant
boiling hydricdic acid and GeO, (190) . The product was purified by

sublimation ('IGO“/‘%’:)“:5 mm.}, giving orange=red crystals which wére atored

tinum(ll _hali,dé.a vere prepered by adding two

molecules of the phosphine to the platinum(II) helide ia refluxing

ethonel. The method of obiaining pure gis or iress isomers {ubich dependn

34

on whether au Sxcess of thoe phosphime is prsgent in the sclution or not)

has besn described on pages 37 and 38.

14, Diszomethane was prepaved from purp~tolyl sulphonyl methyluitros-
emide. A solutiocn of potassium hydroxide (1.2 g.) in R,0 {15 c.co) and
EtOH(S ¢.c.) was heated to 60=65° on a water bath. Ths solution of p=
tolyl sulphonyl mathylnitroéam;de (4-3 5.) in ether (20 c.c.) wam added
over 'aﬁ@ut 5 min., and ‘the yellow diazomsthane=ether mixture which was
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generated was condonsed into a flask containing ether (25 c.c.) cooled
to =78°. A further 5 c.c. of ether were added to the reaction veseel,
when tho condensing liquid became colourleas, The distillation nppar;tus
was flamed before useé and ruvber bungs rather than ground-giass jointe
were uged to lesszen the risk of explosion. The solution of diazomethane
in ether was estimated bj adding & 2 c.c, aliquot to 25 c.ce of O«1N

benzoic acid in ether, and titrating the excess acid against 0«1 NaOh,



DISCUSSION
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PART A.  Benzyl Derivatives of Germanium.

Because of their synthetical importance, organogermaniﬁm alkali
metal compounds have received almost continucus attention since the
preparation of triphenylgermylesodium in 1927 (5). The cleavage of
germanium-germanium, germeniumecarbon, and germanium=hydrogen bonds
by alkali motals in liquid ammonia or ethylamine is now well known (1),
but the utility of the reagents produced is limited by ready solvelysis
reactiona:‘ for cxomple, EtBGcLi + NE3 —> Etj&eﬂ + Ldﬁﬂé. More
recently, howsver, triphenylgermyl-alkali mectal compounds have been
prepared by the cleavage of Ge-ée. Ge=C, Ge-H and Ce-Br bonds by the
alksli metal in 5§rongly donatihg ether solvents auéh as tetrahydro-
furen or 1,2-dimethoxyethane (109, 140, 1_1%). An even more saticfactory
methed for friphenylgefmyl—lithium involves hydfageﬁ-metal exchange in

- diethyl ether: Ph.GeH + RLi =——> Ph_Geld + RH.

3 3

Attempts to preparc germylealkali motal compounds in ether
solventa from orgenogermanes other than phenyl derivatives hava baen
aﬁrprisingiy unsuccessful. Aithough in-qome 9g5g§!_§u§h_g= tetfaf
ethyls and tetrabensyl=-germanes, coloured soluiiens have been obtalned,
no products indlicative of a cleoavage reaction were isolated, and
evidence was produced that phonyl groups are more susceptible to
‘cleavagé than.alkyl groups (112). As a c¢onsequence, recent synthetical
work requiring germyl-lithiwn reagonts has been confined to tho use
of Ph,Geli. For example carbonation leads to the acid Ph,GeCOOH;

3

reaction with benzophencne the carbinol PtheC(OH)Phag organic halides

usually form the unsymmetrical geimane PhBGeR. Compounda of the typo
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Ph3P°“R3o where M = C, Si, Ge, 5Sn, or Pb have been obtained by the
general reaction: Ph3g0L1 + R}yx — PhjceHRE. although a frequent
complication is halogen-matal exchange leading to the éymﬁotrical producta,
PheGe, and ReH.. |

The presont work is concerned with the cleavage by lithium and
butyl-liﬁhium of tetrabenzylgormane, hexabenzyldipgermane, and tribenzyl-
germane. Particular attention was paid to the possibility of finding a
method of producing high yields of tribenaylgarmyl—lithium in ether
solventa.,

Provided water and peroxides are rigorously exuluded, tetrabenzyl-
gornane and lithium in ethylens glycol dimsthyl ether undergo a rapid
and exothermic reaction even more readily than tetraphenylgermans. The
resulting deep brown solution contrins mainly tfibenzylggrmylslithium,
as evideuced by the isolation of tribensylgermane after hydrolysis.

(PhCHa)qu + 2li —> (PhCHa)jﬁeLi + PhCHELL

(PhCHz) BC:@m + sao azmd (PhCHa) BGeEI + L4OH

A~numbe:-o£-ainple :eaeéiéna of-tfibeasylgermyl—lithium pfepareé—
in this way were examined but oftéﬁ conéiﬁarabie difficulty was ex=
periénced in isolating pure products in high yield, Elomeg'examinntion
of the hydrolysis products rovealed the presence of a small amouut of
- dibenzylgernane, indicating that two benzyl groups can be cleaved from

tetrabenzylgerinane by 1ithium,
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u,c,‘nwc |
(PhCHz) “Ge ———---g—>o° (PhCHZ) scspi + (PhCHa) s0eLi, + PhCH,Li
nao H,0

(PhCR,,) 36en (PhCH,) ,Gell,,

The dilithium compound may also be produced by cleavagse of a second
benzyl proup by benzyl-lithium, which 15 also present in the reection
mixture. In support of_thia, bibenzyl is amonp the reaction products
after hydrolysis. MHorsover, the dilithio derivative is certainly formed
dn the reaction batween tribsnzylgermane and benzyl-lithium in a tetra-
hydrofuran-ether solution, as dibonzyldim;thylaermanq is among the

producte isolated after treatment with methyl lodide.

zlaﬂeiia

(PhCHa)jﬁeH ¢ Pbﬂﬂa;1 o> (PhCHZ)qpe_+ (Phcﬁa)jgeLi + (PhCH
' 4+ 14H

| . g Ma | . re
(PLCH,) 0014 + (PHCH,) Gel1, el (PCH,) ste + (PhOH,) GeMe

3
Apart from indirect evidence based on colour changes ccourring

2

vhen tetraphemylgermone or octaphenyleyclotetragornane feact with aodium'
- iz lquid emmonde (5 42), this i the first cleer evidence for-the -

" exintance ef a di-slikali-wetal derivaiive of an organogermane. There

is no evi&eaée ﬁhﬁtvthé reaction bstweoen tetrapheanylgermane and lithium
prﬁegads beyend Phjﬂepi. This & ffgéaﬁee botween totrabenzylgermanc and
tetraphenylgeraans s presumsbly a reflection of the wesker Ge~C bond
strength in the berzyl derivative, eince tho solvated anton Rzééaf

would be more stﬁble with R = phenyl, vhere delocalisation of charge is .I

possible,
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The cleavage of tetrabenzylgermane by lithium is strikingly de-
pendant on experimental conditions. The best results were obtainad by
using & large excaess of lithium (800%) snd miwing the reactanta to a
paste with the miniomum of solvent. The reactions began after an induction
period of about 10 minutes. As with the cieavage of phenyl derivatives,
this time iz rather eorratic, varylng from about 1 minute to saveral
hours. The higheat ylelds of tribenszylgermyl~lithium (75%) were obtained

after about 1 hour at room temperature. After 48 hours at O° po tetra-

benzylgormans remaimed, but appreciabls sonveraion to the dilithiunm
compound oceurred. Host reaction conditions gave a mixture of (PhGEE)AGe,
Heither lithio derivative appears to react with the sclvent during

24 hours at 0°, At reflux temperature, however, and with an excess of
lithium present, a progressive series of reacticns takes place involving
demethylaticn of the ether followed by ecleavage of another benzyl group

by lithium, giving, finally, benzylirimethylgermane,

C,H, O C,H, .0
_ . (encH) e1s 2I02 s (poE.) Geve 2s  (hoH,) Getter1s 4102
14 CB40%a
(PhCH,)) GeHe,, 25> PHCH_GeMe, L4 ——isd PhCH_GeMe,

Tribonzylmathylgermans wao isclatod aftor refluxing for 4 hours, whilct
dibenzyldinmethylgernane and benzylirimethylgermane were present when the
reaction wes continued for 19 hours, Benzyltrimethylgermane evidently
fe#ists eleavége by lithium under thesé conditions, since no tetramethyle
germane was produced after 6 days at reflux. Also, the germg}-lithium

intermediates appear to have a short life-~time under these conditions,
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as no germanium hydridec were detected after hydreolysis, indicating a
negligible conecentration 6f germylelithium compounds,

The fats of the bengyl=lithium producsd in theszes olsavage reactions
Qas also determined. Reaction with solvent occurs to give toluene (by
lydrogen=metal exchange) and ethylbenzene (by metbyl group abstractiom).
The motallated solvent reacts further by f-elimination of lithium methoxide
to give methyl vinyl ethesr,

”‘/’

10*" PhC!{BCHB + LLOCH CH,Otto

m.cn + HeOCH(IL)CK OHa > I40Me + cazscaoue

PRCHLL +

'.l'hes.e' readtions must be rapld evea at 0°. since in many casés no.
derivatives of benzyl-lithium were destocted. |

‘The reactions of tribensylgermyl-lithium are very cimiler to those
of triphgﬁylgermyl-nthium and normal substitution usually occurs. Thus
deuterolysis produces tribenzyldeuterogormane; methyl iocdide and ethyl
| bromide give tribensylmethylgersens and tribensyiethylgérme reaspectively;
- trigethylehloretlane leads to the formation of tribensylgermyltrimsthyle

gilone, The ﬁaﬁﬁi@ﬁ with trichlorsilane ypreduced only ms m—aeﬂned,v

| aﬁn'—efiétallina 'pe‘ﬁdaf. however. 1'11‘1.5 may have beon dus to the prascnce
of the dilithis compound ia the rsxotien mixture, leasding to pplymaﬁe
aateri.ala Helogsn-metal exchange was not involved, as no hoxsbensyl-
digemana' vas given. _ |

The products of the ienution botwaen t.‘r:\.benzyig-erm.yl-liihium and
triethylbrougermane depended on the mathod of reaction. whan the tri-
benzylgermyl-lithium in 1 zndimotho:mthane vas added to pure triethyl-
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bromgormane, extansive halogen-metal exchange occurred and only the
symsetrical digerasnes, (phcaz)seea and EtsGoa, were isolated, Reversing
the addition, however, and adding the bremtriethylgornene in diethyl
other solution to the monoglyme solution of tribenzylgermyl-lithium; the
unsymmetrical digermane, (Phcuz)jﬂo-GeEts. was produced, and there was
ne evidence for halogen-metal exochange.

Carbonation did not give a stable acid product. The products
isolated from this reaction show that the tribenzylgermylearboxylic acid
formad decarbonylated during the working up procoss. even at room
tenpesrature, to give tribenzylgermancl. This immediately esterifies
with eithor tribenzylgermylcarboxylio acid or phenylacetic acid (from
PUCH L4 + €O,). | |

o y
(PhCE,) Geld > (PhCEL,) ,0eCO04 283> (Pnca,) 530CO0H

(PhCH,) ,GeCOOH - o
y——e (PhCH,) ;Ge00C0 (CH,Ph) 5

\—a (PhCHz) seeseccaaph

The reactioms of irlbonsylgeruyl=lithiumg ars sucmarised in ths following

<phcna) 3Gecoon > (PhGBa) 3G.»cnz



at 2034 om.”

Renctions of !

Reactant Products MH.p. OF bepe
H,0 (Phéxz) il 80-82°
D0 (PhCE,) ,GaD 84°
MeI | (PRCH,) fheMe 82-83°
EtBy (PHCH,) ,GeEt 34e35°
Me,51C1 (PhCH,) ,oS1Me, 63+ 5640 5°
Et,00Br (PhoIL,) Ge, + Et¢Ce, )

or (PRCH,) J0o-GeEt, 220230°/10" wm,
c1,518 Polymeric material 3543°
€, - (PHCH,) ,GoO0+CO-CH,Ph + 146-148°

(o]
(Phcn_2> EGGQ-COoGeCCIizPh): . 77-80

The reactions 9! trikenzylgermans and of hexabensyldigermane with
ls.t-_hium in ethylene glycecl dimethyl ether solution were examined as

poanible alternative routes to tribensylgermylelithium, ‘but both methods

-pmg& as -cmplox--.-las ¢hat alyvady desoribed. Tribsazylserme--énd.

. 14thiun reast st OF to give & black solution vhich, after adding excess

sothyl iodide, givea dibenzyidimethylgermane, (PRCH,) JGeHe,, tribsnzyle

'mathylgermans, (Phﬂﬁz)sﬂene, and, in ssall yisld, & iﬁfei'at‘iét. slightly mere

volatile than dibenzyldimethylgermane which ehows & strong Ge-H absorption

' and s probably dbenzylmethylgeraane, (PhCH,) Je(Me)E.

Thus not only are Ge=H and Go=CH,Ph bonds of comparable reactivity

. towards 1lithium, but some p_raferentiail cleavaga of germanium=benzyl bonds

-:alao"qccurs. With hexabenzyldigermane the resction was slow and incomplete



(507) after 22 hours at 0%, The main product, (PhCH,),Gsli, resulted

3
_ from the oleavage of the germmnium-germanium bend, but some clsavage of
GaeC}IaPh bonds was agein indicated since toluene was isolated after
hydvolysis, |

The formation of R,Gom compounds by bydrogen-metal exchange with
organc«lithium reagents has been investigated in a number of cases with
varying results. It has been reported (35) that triphenylgermane is
metallated almest quantitatively by me-butylwlithium:

?hBG-H + Buli s—2 Fhaﬁui»i. ¥ c"ﬁw
Tnatuphenylgargylgame. (Phsﬁe) 50elly and a-aaphthylphenylsethylgermane
alac give zood yields ¢f the permyl-ldthiwn compound with butyl-lithium
in ether (43, 113). Triethylgervane is enly partly netallated {10%)
by butylelithium, however, and scme alkylation has bsen reported in the
reaction between triphenylgermane and phenyl-1ithium op methyl-1ithium
(92, 35). Also, under more drastic conditions triphenylgermane and
‘phenyi=1ithium give tetraphenylgermans or hegaphenyldizermans, apparently
dopending on vhich reagent is present in excess (34). In the enalagous
reagiiony of @llicon and tin cempounds, alliylatica takes place almost
sxclusively: |

R + RY1L > R MRY + L4H, (191, 192, 193).
Tribensylgermane ond butyl-lithium showed the same lack of seleotivity
already encountered in the cle_avageA reactions involving lithium meatal.
Akylation, hydrogen-metal exchange, cleavage of Geacxz_?h bonds and
coupling to give hexabenzyldigermans were all observed, The products
isolated (after reaction ﬁith methyl iodide) dependsd partly on whether an
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excess of butyl«lithium was present and on the temperature of reacticm

(room temperature or 0°).

Direct hydrogen-metal exchange accounts for the isculztion of tri-

benzylmethylgermane and hexabenzyldigermanse:

MaIl .
—————4>(Ph032)jpeﬁe

(PhCBa) 30011 + Buld ~—> (Phcna) 3601.1 —

———> (PhCH,,) (e, + LiH ,
(PhCHa) 300l ®

Formation of the othsr products may bs interpreted in terms of nucleophilic
&+ O
attack by Bu on the pelar hydride (PRCH,) gde=H with displacement of

either H or phcna‘. Displacement of H gives tribenzylbutylgermanas

(Pht,Ha) 34.'}ai.{ + Buli ——> (Phuﬂa) 3GeBm + 4H
Displacement of PhCH, leads to the formation of dibenzyltutylgermane and
bonzyl-lithium, whioh can react with more tribenzylgermane to produce
tetrabenzylpermane.,

Phi b K { ) (e : B

(Bhvﬂa) 3(}91! + Buld —> ,Phcrza) SGe(Bu)H + PhCH,I4

(PhCH.),GeH + PhCH,I4 =—=> (PhOH,),Ge + I4H

25 .. - 2 % )

Au independent experiment confirmed that tribenaylgermans and bdenzyl-lithiws
give, among other products, tetrabenaylgermans., Dibenzylbutylgermane
astill containg the Ge~H bond and io susceptible to further attack in
the presence ¢f excess butyl-lithium, giving dibeneylaibutylgermane and

benzyldibutylgermane.

(Phcﬁa) aGe(Bu) H + Bulid,

/ (PhC’HZ) aGean + LiH
\

PhCE.Go (Bu) M
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Similarly, benzyldibutylgermane can react further, giving, finally,

benzyltributylgernane and tatrabutylgermane,

/ PWHE.GGBEB
PhCHaea(Bua)H + Bul.i_\\\\\\\;s . |
B Buld BujGe + LAH

_ uBGeH iy

Hexabenzyldigermane, tetrabensylgermane and the bensylbutylpermanes,
PhCHZ,«GeBu3 and (Phcna)aﬂeBua, are unreactive towards butyl-lithium under
these conditions. Thia may be becauss they lack the polar character of
the hydrides, but they may also be subject to a large steric factor,
aa reported by Eaborn and his co=-workers for nucleophilie attack by on”
on benzyltrimethylgermane and related compounds (194).

The reaction between diphenylmermane, Ph_GeH and butyl=lithium

, 2 2°
was also exemined with a view to obtaining further evidence for a di-
ithie derivative and {o examine ths zeloctivity of the reacticn. With
two eguivalents of butyl-lithium and subsequent reaction with ethyl

bromide there wae evidence for the formation of P _GoIiE (%) and a

* novel biruclesr dilithium compound, PhGe(Ii)0o(I1)Ph,. Cleavage of

phenyl groups was not cbserved but- otherwise the bshaviecur was similar to

‘the reaciions with tribenzylgermane. Hetallation, alkylation and

couplihg reactions all tske plage,



thaaﬂa + 2Buld

v
Ph. Geld. + Ph.Ge(Bu)Ii + Ph_ GeBu. + Ph.Ge(ld)Ge(Li)Ph
2 2 2 2 2

EtBr

v
thﬂeEtz + PhBGoBuEt + theeBua + thgtﬁe-GeLtth

23 20% 12 28

The fact that triphsnylpgermane resembles tripherylmethans by
wetallating on reacting with butyl=-lithium, whereas triphenylsilane and
triphenylstannane alkylate, has been cited as chemical evidence for an
alternation in tho elsctronegativity values of the group IVb elements (195).
Although some disagresment exists ovar the actual valuea (2) zuch an
alternation io consistent wlth chemlcal bebaviour. The reamctions with
butyl=lithium might then be explained by changes in the polarity of the
metal-hydrogen bonds

o+b=
Phjﬁi-ﬂ + Bully == Ph3§iBu + IiH

bt .
Ph,Ge-H + Buld —> Ph,Geld + C,H,,
- ™4 . i LAY

With triphenylgeruans, howaver, changes in the experimental con-
ditions or the ﬁse of different crgano=lithium réagenté leads to some
allkkylntion. In the present work for example one reaction'bstueen butyle
1ithiuvm and friphenylgermane gave a small saount of triphenylbutylpgsrmanae,
contrary to sarlier reports (35). This probably indicates that ths polar
rnature of the Ge-H bond is marginal and i¢ would therefore be expected

that in other germanium hydrides the nature of the groups attached to the
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eentral cormanium aton will have a ﬁoticcabla effect on the course of
this reaction., Electronegative groups attached to germanium should
anhance the metallation reaction, and o-naphthylphenylicethylgermsne and
tribtriph@nyléinwylgermauo beth resct mainly by hydregen-metal exchange
(Chatt and Villiame (196) have shown that the Group R,Ge is capable of
resonance and acts as an electren withdrawing group). Also, this work has
eatablished that the first hydrogen in dlphenylgermane reacts with butyl-'
thiva largely by hydrogen=metal exchahsaa Conversely, ethyl groups
can not accert a negative charge 1ike phenyl groups, and triothylgérmane'
is matallated only slightly (1057 . Tribenzylgermane £alls into the same
category.

It alge seens probable that allylation of gernnnium hydridee will
tuke place via attock of Bu" at the germacium atom, whoreas metsllation
will proceed via attaék of Bu at the hydrcgen. It is of interest that
the mstallation of u-naphthylphenylmethylgernane takes place with re-
tention of confipuration,

_Atteumpts to cleave a goroaniuviebensyl bond by hydrogen failed.

Hydropea produeed by the hydrolyols of ldthium in the prosence of tetea-

. bengylecerinne or tribensylpermane gave no reaction. Also, no reductlieon

was obgerved when tetrabenuylgormanse was shuaken with hydecgsn at

atmcsphéric prescure in the presence of Adam's catélyst;
Triphenylgermane ie known to disproportionate cn heating (34)3

2Ph GeH{l —> Fh GeH2 + thge, and it seemed possible that this typ2 of

3 2
reaotion could account for the production of dibensylgermane from the

reaction between tetrabenzylgermane and 1lithium, as the products wers
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isolated by vacuum distillation. Tribensylgermane is; however, stable
ir vecuum at 2100°. and only slipght decomposition oceurs at 3?0°. hAbove
_‘,’.9()6 decomposition is extensive, giving toluene, bibenzyl, trans-
stilbouc, & traco of a permanent gas {probably hydrogen), snd a brown
polymsr having the approximate composition GQJ(OHzPh) o+ No dibenzyl-
germane was formed, and u0 germanium metal was depoaited.

It was concluded that thesce reactions of the benzylgermanss are
considerably more complex than thoss of the phenyl analogues owing to the
similar reactivity of Ge-H and Go-cﬂal’h towards nucleophilic attack, and
the sase with which more than one benzyl group may be cleaved froa
tetrabensylgeymana, Although ths reactions of tribenzylgermyl-lithium
are very similar to thomse of triphenylgermyl-lithium, the latter reagent
is more readily prepared in hipgh yileld. It alsc appears that the
matallation reaction of triphenylgermane by Lnityl-lithium is not
typical of all organogermanium hyd:ﬁd;a.
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PART Bs  Triphsnylgermyiplotinum Complexes.

Orgenogermanium compcunds in which the geritanium atom ie bonded to a
non~transition metal have boen known for wany years (1,2). Among the group
IVb elements compounds of the type RBGa-'HR'3 (where ¥ = 81, Ge, Sn or Fb)
arc coammon, and compounds containing more than one motal-metal bond,
including cyclic compounds, are known, The reactions of tha hexa=crgano-
dimatal compounds are generally thoso expescted for retals in oxidation
level 3 and coordination number b: the most reactive contre boing the metal-
metal bond. This can be clemved by nucloophilie or electrophilic attack
undor mild conditions, Secondary reactions involving cleavage of metale
.carbon bopds also occur, espociclly with ieaﬁ cOmpaunds; but %hese are
readlly avoided with germanium.

Compounds centaining germanium and boron are known (176, 177) and
Russian workers are &t proeent exardining a eeries of compouads containing
gerannium bonded to group II elements (738, 179, 180). lLittle infofmation
is available eoncerning germanium=transition metal compoﬁnds. Gernanivm-
mangnneno and germanium=iron compounds have been igolated (181, 152) but

" few remcticny were reported. A poro detoiled oxamination of triphenyle -

germyl complexes of copper, silver and gold hes been made (119), but
althongh quite a wide variety of compounds containing matal-metel bonds ls
Imown the gormeral principles involved in the production of stable com-
pounds have received little study (156).

This woik 38 concerncd with the formatiom of ger@aniuﬁ—plbtinum
complexoa, (REP)aPt(GePhjia. and &n examination of a wide range of resctions

of these compounds with & view to increasing knowledge of the stability
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and resctivity of mstalemetal bonds., Platinum was chosen for this initial
study because of the high stability of platinumwcarbon compounds and the
extensive information which is aveilable for comparison purposes, largely
an a result of studies by Chatt and Shaw (123, 149). During the course
of this wdrk geveral publications on platinum=tin (169, 170, 171, 197, 198)
and platinumesilicon aysteme (199) have appeared and these also afford some
intercating commarisons.

T4 phenylzernyl-lithivm reacts readily with ¢is and trans (EtBP) 2PtCL,

“and with traus {“=P::—BP} ZP';';Gl'a t¢ give the bisgermylplatinum comploxes,

(REP')EPt(GePhE)a. in good yield.

7y Ph. (% ; vk
(_33?) 2PtCL, + 21 n3.=eu — (n3p) 2Pt(1aph3) 2 * 21461

Doth these yollow crystaliino conpounds decompoze bofore melting at about
150°, They are stable oven in solution to alr, uater, ethanol und
ethanolic potacsiunm hydroxide. The tri-n<propylphosphine complex is
;auch more soluble in orgonnic solvents than the triethylphosphine complex,
and crystalli-satiaﬁ frem benzone glvos ths zolvated complex, (n--P:'BP) SPt-

(GePhy) 5eCell e

The pz'ep.a.ﬂatibn from trans (Et‘.ﬁl‘) é’i’t.CZi.E gave & higher yield than that
from the cis material, and as both products ure¢ largely identical, this
suggests that the gormyl-platinum com;)lexes ars produced in the g_x;gn_g
forme. Solutions of the complexos im different solvents vary greatly in
the :\‘,ntensity of f.he yolliow colcur, however, ‘mnd this is prebably due to
gig-trars interconversion. Dipole moment measurements on the bistri-ne
_ propylphosph;nepigtriphenylgarmylplatinum(II) complex in Bamr.ene‘ solntio;s

gave & valuo of 2¢4D, indicating that the trans isomer prodominates,
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The reaction between triphenylgermyle-lithium and the ilodoplatinum
complex, trans (EtsP)aPtIZ. vap more complicated than with the chlorides.
It was hoped that reactions with one equivalent of PhBQeLi would produce
the complex, (Et}P) Pt(1)GePh. Dy but the main produ_mte were the bisgermyl
. compound, (mtjp)aPt(GaPha)a,and unreacted starting material, Hexaphenyl=
aigerﬁane. the hydrido complex ggggg,(Et P) Pt(H)I. and, by crystallisation
from ethanol, the ethoxyplatinum complex (Et P) t(OEt)GePh3 wore also
given. Isolation of the hydridoplatinum halide is difficult to account
for other than via a lithioplatinum intermediate formed bﬁ'halogenmmetal
exehéngé.. _

| (EtBP) P, + Phyeld —> (Et,P) PL(LL)I + Ph,Gel

h.Gel + PhBQeI..-i ~=> Phdle,
(EtBP) gt(m); + B0 ~> (.EtsP)th(E)I.

.These exchanéa roactions beceme increasingly important when 1odiﬁes rather
than other hélidas are used, Tor example, during the work descrihéd in
_ Perghé_gg this thesis it gas_ﬁeﬁed that the reaction betweas,GaClg and
_?hﬂﬁzﬂgﬂ; gave only nofmnl 5nbétiﬁutien, but when GaIa was omployed come
halogen=mstal exchange occurrad.

¥hen two equivalents of triphanylgeraylvlith_um ware usad, none of
the hydridciodide oomplex was producsd, but 1nstead tho hydridogermyl
complex biatriethwlphosphinatﬂphanylgermylhydrido;:latinum(II) 0
(ht P) Pt(H)GePh3 was iaelated as colourless orystals. Also, treatment
with ethanol did not give the ethoxy complex. This suggeste that

the ethoxy compound waa originallg produced from an intermediate icdo=
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platinum complex (EtBP) ZPt(I)G,ePhB. which reacta with othanol probably

after hydrolycis:
RO

., 2 EOH '
(I:.tEP)aPt(I)GePhs aoa> (EtjP)aPt(OH)GePh} ey (EtsP)aPt(OEt)GePh3

When sufficient PhjﬂeLi is present, however, this reacts with the
internedinte by two paths, leaving none to form the ethoxide.
(mzp) ‘21%(1)(:.:,1:1:3 + Fh,Geld —> (Et,P) Z-Pt(Li)GoPhj + (EtBP) ZPt(GePh.',.) >*

(*.'-”-.-t:,’P)21)1_;(1.1)««3?113 + nao —— (EtBP)ZPt(ﬂ)GePh;

Remsctions involving slightly less than two aquivalents cof triphepylgermyl-.
lithium gave the complete range of products, including the two hydrido=-
platinum complexsas and, after treatment with ethané]_.. the ethoxyplatinum
Complexe ]

Lithicplatinum complexes have not previocualy been proposed, but
this work indicates that they ere readily formed as reaction inter=
mediates, and that they survive in ether solution until hydrolysis.
Evidenco for the formation of related platinum-Grignard reagentas is

presented later.

&2

Somec free tertiary pﬁeaphine was liboratod in all these roactiono
involving triphenylgermyl-lithium, but in no case waz a phoaphine=
deficiont platinum complex detectod. The pressnce of the phosphine
would allow the plafinum halides to iscmerise, which means that it ie
not _poas:l.ble £0 determine which specles are recponsible for the pro-
ceeding reactions. The reactions with tl.le icdides all gave-a tam
rosiduc, end treatment of this by sublimation at 100° in vacuo loft

residues contsining PhyGe and (EtBP) aPt;(I)Ph, strongly suggestive of a



ra&ical decomposition process.

The reacticn between triphenylgermylelithium and cis (Pth) SPEBr,
falled to give any identifiable material apart from lithium bromide.
Ozly an inhomogensous powder or s red oil gould be extragted from the
reaction mixture, Halogen-metal exchange may again have _been respenoible
for the complications, bqt ateric reasons could also be involved,

An attempt to garepm (EtBP)ZPt(GaPh}) » from cis (EtsP) oPtBr,
and triphenylgermane in the presence of triethylamine was unsuccessfulj
in refluxing bensene no reaction cccurred. Also, no rsaction took place
botwsen trang (Et3P) Ftir, and Ph,ﬁou in sclution. Uhen these compourids
were mb;imeﬁ together, however, extensive halogenshydrogen exchange
took place, and although no evidence for the formation of a platimuse
germanium bond was obteined; triphenylbromgermene and 3 volatils platinum
hydridos were produced. These had v(Pt<H) at 2212, 2183 and 200k ca,”"
One of these (2183 e.-1) ie close to the value expacted for trans
(E¢,P) Pt(DEBr (140). A recent paper by Chalk and Harrod describes
einilar reactions using trdiallyleilanes, and these authors propose o
mechanism involving initisl oxidation to a plati 'mn(l_‘_i) intermediate
(199). Only one platinum hydride was produced howow::.

gin (RgP),PLOL, + RISIH ~=s traps (R,P) PL(H)CL + RYSIC1
It is also of interest that this reaction did not proceed simply with
the triphenylphesphine complex, a red polymer-having'appro:dmate
composition Pca(PhsP) C1 being produced.

~ Although many reactions of the hisgermylplatinum(IT) ccmplexes
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probably proceed via oxidation to platinum(IV) complexes, nene of these
intermediates were isolated. Also, the reaction between triphenylgermyle
14thium and trimethyliodoplatinum(IV) failed to give a stable germyl-
platinum(IV) compound. The only isolable product was triphenylmethyle
' germane, together with insoluble black pyrophoric material which showed
no structure in the infrared.

Both the bisgermylplaotinum complexes showed considerable thermal
stability. The trien-propylphosphine empMd began to decompose at
120° and the trdathylphosphine compound at ’!Sﬁoa Pyrolysie of hoth
complexes in vacuo, which was oxpected to follow a simple course in=-
volving cleavage of the metalematal bonds to give 23315 + Pt + PhﬁGeg'
vas more complicated and involved cleavage of germsniumecarbon and
phosphorus=carben bonds as well. At 220 the triethy_lphésphina complex
gave Phscea, Ph_,’Ge. E"usP. benzene and ethylens, leaving a blaek- metallic~
locking residue which gave a e]@ar, brown, airestable solution in benzene,
Prolonged heating of this material in vacuo resulted in fﬁrthar loss of
Pht’Ge and Phseoz vwhon the product was no longer soluble but still
r;atamed scr;se 20% cerben as both phonyl and ethyl groups, Xeray pouwdsr
photographs showed that this residue was amorphous. (n—Prz‘P) a‘Pt(GthE) 2
"bshaved similarly on pyrolysias, giving propylene in place of ethylone,
Further evidence that the phoaphine and gorayl ligands aro atrang‘iy
bonded may be provided in that refluxing scluticns with triphenylphosphine
did not lead to any ligand emw. although other factors may be
involved here. Fhenylacetylene and diazomethene also falled to reast
with the comploxes.
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The reactions with halogens, halogen acids, and certaln organic
and inorganic halides cause cleavage of the metal-motal bonds in the
(R.‘,'P) 21’t(GePh3) > Complexes, often with interesting complisaticns.
Carbon tetrachlorids is sufficicntly reasctive t¢ cleavs the gormanium-
platinum bonde giving triphenylchlorgermane and (RSP) 2Pt012. The
mechanism of this reaction was not determined, but it is known that
CCI.‘. feacte similarly with many othsr compcounds, jncluding Ph3PAu-GaPh3
(200) and trans (Etf) F(E)C1 (140)., Also, during the present work it
vas noticed that CCl, slowly cleaved the Go-H bonds in triphenylgermens
and tdbaﬁzylgermane-

Iodine reacts with (EﬁSP) th(GePh}) a Tapidly at room temperature,
and even with squiuolar ratics gives (Et,P),Ptl, and Ph,Oel rather tham

the intermediata oomplex, (m:zp) ZPt(I)'GePhio
(Ee,P) PelGePhy), + aia > (EtyP),PLT, + 2Ph. 00,

142=4ibromethans reacts in a very charagteristic manner, cleaving

‘the (e~Pt bonds and predusing ethylene.

(B..P) ,Pt(GePh_) + ZG—,H‘;Er — _(RSFj -Pwrg + .:Ph,ueur + 2CH, -
The reaction is mlower than with germsmium~gold compounds (119), but
was guantitative over 13 days at reom temperatvre for the tri-n=propyl-
phogphine cooplex and showsd a definite docreass in rate after 1 mol.
had reacted. The yoacticn between 1,2=-dibromethane.m1d P'hBI’Au-C!ePi'n3 is
thought to proceed via a l=contre reaction intermediate (183) and it is
likely that the Ge-Pt compounds behave similarly (although an alternative
mechanism via oxidation to a platinum(IV) complex is possible in this
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case). Bistriethylgeraylmercury appears to react slightly differently
to the gold and platinum compounds at first sight:

(Etseo) e+ C H Br,, w=> aEtZ'GeBr + Hg + CH, (201).

However, this resction probebly procseds viaz clsavags of one Ge=Hg bond
in the usual way, followed by loas of mercury from Et,GeHgBr. This
reaction with 1,2=-dibromsthane appears to be a useful diagnostic test
for germanium=transition metal bonds, and may even be of analytical
value wien the ethylene produced can be acourately weasured.

ﬁydrogen chloride also cleaves the Ge-Pt bonds, but the products
isolated suggest that the initial step is addition of the reagent to give
an octahedral platinum(IV) complex, (R3P)2Pt(li) (C1)(GePh,) . A direct

3
cleavags reaction may compete with this mechanism, however,

/ Pz.}Gen + (n_),p) SPCL,
(nsp) gpt(eeph3> 2%t Hcl\
| (RBP) 2Pt(H) (c1) (GePhj) 5= PhZGaCI

+ (RBF) ZFt(H)GePhE

(RyP) Pt(H)GePhy + HCL ==>  (R,P) PL(H)C1 -+ Ph,OeH,

(E45P) PE(H) ,CL, (140)) and the reaction betweon trialkylsilanes and
sig (R,P)PLCL, s reported to proceed via the intermedinte (RyP),PL(H)-
(cl)asms vhich then loses R§SiCL (199) . Under similar conditions,
however, neither PhsﬂaH nor PhBGeBr showed any evidence of reaction with
the germylplatinum complexes.

Methyl iodide similarly cleaves the Ge~Pt bonds, although this



.- Dk -

reagent deos not react with gormaniumegold compounds (919). In a
sealed tube at 110° both triphenyliocdogermane and triphenylmethylgermane
wers given and it is probable that this reaction also proceeds via a |

+{IV) intermesdiats. Tho icdoplatinum complex (239)'291::2 was also given,
and although no methylplatinum compounds were isolated, the presence of
ethana indiecated that they had probably been present but had decomposed,
Methane wad also produced, suggesting that radical intermsdiates vere alsc
involved. The binuclsar complex, irans (R3P) aPtaI“, was given in small
yield but othar producte wers not identified. Chatt has fully characterise:
a nunber of platinum(IV) compounds formed by addition of methyl iodide
to platinum(1I) complexes, and has.shown that with prolonged heating

the complex (RBP)EPt(Me)zla decomposss to give athane and !RBP)ZMIZ
(123).

Chatt (123) has also chown that ddmethylplatinum(II) complexes

react with ﬁagnosium icdide in what are probably a ssries of equilibrium
Tenctions, ziving (R,P),PtI,, (RsP) Pt(He)I and MeMgl, and has produced
ovidoncs that ths reactions proceed via platinum(IV) intermediates.
Cleavago of thé geraylplatinum comploxen by magnesium ledide produced
& greator range of products than the methylplatinue anelogues, and these
pi'ovide evidsnce that platinum-Grignard reagents are formed, and exiast
in soluticn up to a hydrolysis stage. The Ga-Pt_ bond 18 cleaved to glive
both combinatiocne of products: Gol + P.t(l*!gl) and Ge'(MgI) + PtI, 'i.‘ham
may be praduced via a platinum(IV) intermediate, (I!.3P) 2Pt;(I) (HgI) (GePhB) 29
which then degredes to pletinum(II) products. A maximum of 8 stable

products after hydrolysis can result by this route (or 13, taking cis
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and trans isomers into account), Five producta were isolated, and infra=

red evidence for two plafinum hydrides was obtained.
Triphenylgermane and the iodoplatinum complexes, (n*PrBP) Pra

and (g—?gsm ..m(_na.gmj wore all isoleted and probebly resulted from

the following reactiona:
(n-PrsP) 2Pt(GePh3) 5 * Mgl, —> (n-Pr3P) .‘,Pt-.o:)«‘:&e)?u.5 + PhZGeHgI
(n-Px' P) 1>t-.(1)aem3 + Mgl, —> (n-PrBP)aPtIa + PhBGcngl
Ph.GeMgI + H WO =me> Ph.Gnll

.The ready hydrolysis of (Et31-’) aPt(I)GePh3 disoussed earlior ia probably
due to the higher pH of that system. Alteraately, the twe iodogermyle
platinum complexes may be different isomera. The other posaible products
may be produced by the following reaetionanﬂ

(=PryP) Pt(GePhy) , + Hgl, = (ne-Pr:’?) SPH(MgI)GePh, + Ph,Oel

(n=Pr, 1=)?_Pt:(1)aopm5 + Mgl, —> (n-PrSP) PE{I)Hgl + PhBGeI

/-,(aapr 5P) ,PE(IIHGT + PhGeligl

.(n—Prsp)art(ﬁgI)cepha + Hgl, .
\\-‘(a-v- F)zmmm + Phyfisl
(n—ﬁip) oFt :451)%%} + B0 —=> (aéi—’rBP) 293-(3)@@.%3
(n-PrBP) SPLMEII + B0 = (n-PrBP) apt(n)z
{a~Pr F)ZPt(MgI) + 5,0 => (nePr p)z )
Phjﬂeﬁgx + PhBGaI — Phé!ea

Other reacticn paths, including halogen-metal exchange reactions emong

the intermediates, would lead to the same products as above. 'I.‘r:l.phenyi-
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iodogermane, as well as hoxapbonyldigermane, was icolated and this
indicptes that the coupling reaction between PhBGeI and 'PhBGeHg_I'ia 2lovW.
The complex (nePr P) ZPt(H)GePhB vas not detected among the reaction
products, 3¢ it iz likely thot the intermediste (n-Pr P) F -(Hs_\ﬂe-..s
reacted further bafore hydrolysis. Two volatile platinum hydrides,
naving w(Pt~H) at 2165 em.” " end 1731 cms™, wore given but they could
not be separated. The f@r is close to the value expscted for trans
 (a-Pr®) PH(E)I {grame (E6,P)PEUDT has v(Pe-) at 2156 cm.”" (140)).
The latter band is nearer the value given hy Kalatesta (151) for the
dihydridoplatimum complex (Ph,P) PtH, at 1670 cm. =1, and mdy be dve to
the cempound (n-.Pr3P) sPtH,, produced from the intermsdiate (n-Pr_.’P) 2Pt
(1eT) 5.
Chatt and Shaw (145) reported that cie—biutx'iethylphoaphimplnttnum

(II) bromids and cyclohexylmagnesium bromide react to form the hydrido
bromide trans (EtBP) aPt(H)Br in 22% yield, and they suggested a
nochanism independent of subsequent hydrolysis involving the production
_of gﬁ:-];ghexene {which was z;c_i,'-_:c_!etecteéle _ o

cis (B P‘ aPth* + CgH, Jghr —==> trans (r.a}r) Pt(H)B?: + Gl + MgBr,
In view of the ovidence suz)pert:‘..ng the formation of platinum(II) Grignard
reagax‘;tsi thiz reaction was re-oxamined and, using 10 mols of a filtpred
ethorial solution of CgH, Mghr per mol of gig (Bt P) Ptbr,, the hydride-
platinum complex was produced in about 50% yleld. Two competing reaction
r3the eppear to be involved. The method originally propesed accoﬁnto for
30% of tt_ié hydride produded. This is Bupporied by two obaemtions-:

deuterolysis still gives 159 of (EtBI’) 2Pt(H)Br. and gyclohexene wao
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detocted in the reaction mixture (the original Grignord reagent gave
cyclohexane, but no cyclohexene on hydrolyeis). _
The remaining 705 of the platinum hydridobromide is produced by the

hydrolysis of an intermediate platinum Grignard reagent.

1O (EtBP)aPt(H)Br
2
cis (EtsP) SPEBr, + Cll, Mghr —> (EtBP) apt(MgBr)Br
D (o]

(E¢,P) SPt(D)Br
m evidence for this is based on the ohbsorvation that deuterolyais gave
a mixture of the hydrido~ and deutero-platinum complexes, together with -
bigycichexyl. The deuteride was not produced by H-D exchange since
douterolysu of GgH, MgBr follémd by- addition of (EtjP) aPt(B)Br
produced no ebsorption in the infrared due to v(Pt-D)., This reaétiou
involves halogen-metal exchange, producing ¢yclohexyl bromide which
reacta 'w,ith excess Orignard reagent to give bigyclohexyl. GSeparate
experiments established that this reaction does cocur at room temperature,
although tho original Grignard solution was froe from bigyclohexyl.
Other producta fron the overall reaction include tarr:,' material and tha
yellmr .trana (“‘tBP) PtBrZ, shich apparently is unreactive towards
gxg_;ghaw]magnesium bromide.

The reaction betweon f~styrylmagnesium bromide and cis (Et.ﬁP) ‘.am:t:!l‘.2
hac also been reported to give some trans (¢,P) ;Pt(H)Br (149) and thie
may also invelve a platinum=Grignard intermediate. Without a large
excess of 06111 1!453?, no plaf.inum-ﬁrignard reegent was produced so 'thié
reaction may be an équil_ibrium. Although they demonstrate the e.ﬂstence
of Grignard reagents of plétinum(!!)._ neither this reaction nor the |
cleavage of (RBP) ZPt(GePh3)2 by HgIa are suitable for producing these
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reagents for syntheticnl work.

One of the most remarkable reactions encocuntered in this work was
the cleavage of ope GoePt bond in (RBP)aPt(GePhB)z by molecular hydrogen
under extremely mild conditiocns. The metal-metal bond in Hna(CO)10 can
be cleaved by hydrogen, but f ar more drastic conditiona.are required
Q?OZ). Closer analogies appoar in the cleavage of certain metal~carbon
bonds by hydrogen, notably gis (EtjP)aPt(Phlcl (140) 4 L13[CrPh6] (203),
and MaPh, (204).

When yellow acluticns of {EtjP)aPt(Gephjgz were shaken with hydregen
at one atmosphere pressure and room temperature the colour faded pro-
grossively over 5 hours. Triphenylgermane and bistriethylphosphinetri-
phenylgermylhydridoplatinum(II) vere readily isolated.

(Et,P) Pt(GeFh,) , + B, —> (EtJP)aPﬁH)GePhS + FisGell
The addition of Adam's catalyst did not noticeably accelsrate the
reaction, and did not lead to cleavage of the secend Go-Pt bond. 'The
trien~propylphosphine ecomplex was also cleaved by hydrogen under very

mild qonditiona. Using a pertlial pressure of only 20 mm. of hydrogen

‘at room temperature, the reaction proceoded to 92% in 20 daya, when up-

take of hydrogen ceesed.

The tri-n=-propylphosphine complex gave praducts of closely asimilar
éelubility properties, and sepﬁration was ﬁot aéhiaved. An attempt to
remove Phjgeﬂ from the mixture by vacuum sﬁblimaticn gt 100° caused

the slow decomposition of the platinum hydride, and neither Ph.GeH nor

3
(n-Prj}JDaPt(H)GePh3 was mathylated by diasomethans.
The complex hydride (Et3P) aPt(B)GePh, ia a colourless crystalline

- goldid, decomposing at 150°. It is stabdble to air, water, ketones,
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aloohols and sthanolic potassium hydroxids. A sample remained unchanged
in air after 6 months., Some cleavage of the Ge-~Pt bond wes obsurved
when ethanclic sclutions were heated in ths presence of freo triethyl-
phosphine, or the icdoplatinum complex (Bt P) PtI,. The stereochomiatry
of the two platinum hydrides was not reablvad, but the difference in the
plaginum-hydrogen stretching frequencies (2051 eme~! for (EtSP_) th(H)GePh3
and 1957 em.f‘ for (n-PryP) PL(H)GePh,) auggosts that ome is a gis
isoner» and the -other trans. These low values imply that the triphenyl-
gerayl sroup has a very ligh traus effect. It 16 known that the value of
transltion-zetale=hydrogen stretching frequoncics is affected by their |
environzent, and it 4s of interest that & large aﬁif’c in the value of |
v(Pt=H) in (EtBP) 2?&(5)@9?!;5 was cbserved depending on whether 1t was
measured in bensene solution (2051 cm.=1) or as a pressed disc in KBr
(2042 em,™ M, |

A similar cleavage of platinum-tin bonds by hydrogen was reported in
two short notes after the presant work was completed (197,198). The
valu of v(Pt-H) reperted for trans (Et;P) P(1)SnCly vas 2105 em,™
which indicates that ﬂﬁs:zcls group aleo has a high ;s-_q;g effect, hut
anot as great as the PhEGe groups

A ginglo rate dete_rmingtion en the hydrogenolysis of (n-PrEPB 2Pt
(Gaz-“hs)'?_zgas made at 0° and 25°_§aing a large (ﬂoéfoldJ_. excess of
mm@n at the same initial partial pressure. Vigorous agitaticn
ensured that the toluene solution remained saturated throughout, and it
vas aasm';aed_timt the aolubilit} of hydrogen in toluens was essentially

constent at 0° and 25° (205) and that the reaction is first-order with .
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respoct to tho platinum=germonium complex, A four~-fold increase ia rate
constant was cobtained over this temperature range, corresponding to an
activation energy of about 9 koals. The smellness of this value suggests

radical chain mechenism, but this is unlikely since no biproducts such

as bibenzyl were detested for reacticns carried out in toluens, This

favours & mechanism again involving an intermediate platinum(IV) complex
which gives the cbssrvod products by elimination of triphenyisurmane. In
partial support of ithisc view a trace of hexaphenyldigermane wasc detected
in some reactions, and tﬁis'may be produced by a minor side-reaction from

the same intgrmediato.'

(RBP) ‘.__,Pt(B)GePLJ +

(RBP) Zm(oepr%) o+ By —> (RBP) zpt(ﬂ) a(GePh3)2 F h?f-’eﬂ

v 5% (np) PtH, + Phcle,
Ne platinum dihydride wus detected, but 4t is possible that it doe-
compoaed to hydrogen aud a platinum (0) complex, which would account for
the appareut doficiency in hydrogen uptalie.

The sparce knowledge available on platinus hydrides-haéuiimiteﬂ the
deductions that can bs made from the preseat work. No gis hydrido=-
platinum compounds have been c¢haracteriged (1#6) and only one exampls
each of a binﬁclsar hydride and a dihydride have been reported (147,151).

2
"PtheH, and froa the magneeium fodide reaction, almoat certainly involve

The platiﬂuﬁ hydrides detected in the reaction batween (L‘tBP) PtBr.. and

‘some of these spocies, but no definite concluaions cam be reached as no

information about them ie at present availabla.



-1&‘,1-

The oxidation by hydrogen of indium(I) to indium(ITI) complexes ia
known (206), and in this case the indium(III) hydrides are stable enough
to bo imolateds The low activation snergy of ths hydrogenolysis reaction
in this view is a reflection of the facile oxidation of platinum(1I)
complexes to platinum(IV) intermediates, and it therefore seems reasonable
to suspect that for many reactions catalysed homogeneously by platinum(II)
compounds the initial atep is the addition of a ngatral molecule to give
a platinun(IV) intermediate. A similar.mechaniam has been proposed for
the '"hydrosilation" of olefins catalysed by platinum(II) haiides (199)
and a reaction analqgéua to the hydrogenolysis of the Ge-Pt compound has
been proposed to account for the isomerisation of olefine catalysed by
platinun-tin complexes (207).

Nuclecphilic attack by etherinl phenyl-lithium on (n-PrsP) EPt(GePh'}_) 2
vwas & slow reaction requiring a lorgo oxceos of Phii, This reaection
gave no ovidence of a platinum{IV) intermediate, and no lithioplatinum
complex was detected. The reaction paralleled the cleavage of germaniume

gold complexes by phenyl-—lithium, but without the couplication of further

®

reastion by the triphenylgermylsiithium produced
(nePrs?)aPt(GePhs)z 4 2Phld emed ggg(n-;r3?)2FtPh2 + 2PhsceLi
In an attempt to produce a dilithioplatinum complox, and to obtain
a triallkylphosphineplatinum dihydride by hydrolysis cf this, a reactlon
between (n—PrBP)th(GePh3)2 and 1ithiun aluminium hydride in ether was
attompted, As with phenyl-lithium, thie reaction was slow, requiring am
excoss of LiAlH“. Both the triphenylgermyl groups were cleaved, glving

Phapeﬁ as the only soluble prnduct, The residue decomposed on hydrolysis
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with evolution of hydrogen, and platinum black was subsequently
isolated,
(nyPrBP)th(GoPhB)a + Ling, —> 2Ph3GeH + Insoluble yellow Pt compound
32'0
Pt + K

2
The insoluble platinumecontaining material failed to give soluble phenyl~
or methyleplatinum gomplaxes on treatment with bromobenzene or methyl
iodide, and ie ¢learly not a straightforward lithioplatinum complex.
Lithiun hydride did mot react with in;PESP) FH(GePh,) , under the sane
conditions, but this may be a reflectionm on itas high insolubility.

Alkoxyplatinum helides have been shown te undergo spontansous
decomposition to hydrideplatinum halides (140). _

g:._g (Bt P) PX, + EtOR + KOR —> trang (5t,P) Pt(H)X + CH,CHO
+ KX + HZO

The stability of the ethoxyplatinum complox, (Et:,,P) Zpt(om)eephy vhich
was isolated from the reaction between tripheh&lga;myl-lithium and
(EtﬁP)thIa after treatment with ethonol, is thsrefors remsrkable. This
golourless erystallinc solid daccmpcs;a bsfors ﬁait&ns at about 150°,
It is stabls to air and tertiary phosphines and does unet react with
nolecular hydrogen. lLigand sxchange reacticns scour readily, howgver,
and the hydroxy, methoxy and gggptOpoxw'derivativea wvere cbtained by.
troatment of the ethoxide with water, methanol and isopropancl
respoctively. These are almost certainly equilibria reactions as the
othoxide may be regenerated by treating the hydroxy complex with

ethanol.,
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(Et}l’)aPt(OEt)GePh} + 320 ;‘(Etsl’)aPt(OH)GePh.j + EtOH

(Et,P)ZPt(OEt)GePh + MeOH —=(B¢

3 P)aPt(OMe)GQPh_ + EtCH

3 3

(Et,P) PL{OTH)GePly + priom == (t,7) aPt(OPri)GsPhj + EtOH

The hydroxy complex, (EtBP)aPt(OHDGQPhB. shows a sharp band in the

infrered at 3630 cm. !

charscteristic of unasscciated OH, This complex
was not dehydrated at 100° in vague, further indicating that the hydroxy
group ie well shielded.

Dr. H.MH. Shearsr anéd Mr, C.B, Spencer of this deportmont have
made @ partiel X-rey study of the ethoxy complex, (Et,P) ZPt(OEt)GePﬁB.
and report its unit cell dimensions as @ = 17:3k, b = 1116, ¢ = 3’,7-43.
B= 108° 10', vwhich contains B mononuclens units. Tho shortest
platinusi-platinum approach distance iz 8. 73, and the electron donsity
arrangement around the platinum atom favours a trans configuration.

This inveatigation has shown that coempounds coptaining germanium=
platinum bonde can be propared and that they have considerable thormal
stability, Hany reweats cleave the Ge-Pt bonds, but thsse reactions
ars complicated by oxidation resctions te platinum(IV) intermediates,
and thorecfore may not give a trus reflection of the character of the
metalemotal bonds. The existence of platinum(II) 1lithio and'arignarau
reagents, and of atable alkoxyplstinum eemplexes; all hitherto unknown,
has also emexrged. |
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PART C. Infrared Spoctra
Throughout thls work infrared spectra have been invaluable as a
means of identifying compounds. The identity of known compounds was
confirmed by the éuporpoaition of their infrared spectra, and the
regognition of new cgmpounés was often facilitated by the observation of
characteristic group frequencies. The infrared spectra of 90 organo=

gormanes wers examined in the region 2500200 cm,™ !

with the main
object of assigning th;se grcuplfroquencies to assist characterisation
cf simila;-compoundc.

The assignments of many bands have been made by reference to work
-. by other authors. Certain modes have not previocusly been observed in
the infrared spectra of organogermanes, howaver, and these have been
determined by compariecns with Raman spectra; and with the infrared
spectra of related tin, lead and bromine derivatives. It is assumed
that in the compounds examined the germanium atom is heavy enough to act
~as an "anchor', and that vibrations are not transmitted from one
subétitueat to another. This assuaption ie not valid for heavier
) sub:tituentq,"sueh:as_in b:pq;@gg,_iedides and transition-metal compounds.
Hever=-tho-less f;aquencies attributable to these groups have besn
observed, and, provided the limitations of a ph;sical_intérpretat;on of
the assignments are kept in mind, many useful correlations can be mads,
Abbroviatiqna: W, weak; m; med{um; 8, strong; .a. broads; 6, complexs
sh, shoulderj b, absent or extremely weak; 4, region obscured; e, |

range not covered.
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ALKYL GERMANES
Methyl derivatives

Complete amsignments have becn made for several methylgermanes,
including tetramethylgermane (208), dime thyldiperflucrovinylgernane
(209) and several methylgermanium oxidss (210, 211) and chlorides

(212, 215), Table 1 Méts the useful methylgermanium bands found in

the present work. The methyi rock is the strongest and most characteristic

of these bands. The gbrmaniumvcarhun stretch is generally atronger and
at higher frgéuencies than for other alkylgermanaes, with the exception of

trans-butylgerménium'ceapaunds. In compounds with more than o.: trpe of

alkyl group-aﬁeoifie assignments are uncertain and in these cases all

bands attributable to v{Ge=C) are given. -



—1‘.}6-

n 9/ ‘s G6S *S 909
* A oS *s 666
A 245 ‘um wmm ‘a 668
ys
R GGE ‘A 9lC

a 465
A ZHS ‘v 9SS ‘w €5

A 666

= 995

u 009

o=00 A

?

& 44/ ‘s o2g |

A 26, '8 208
® Log
e 64
e 008
A Lyl
@ el

8 OLg

uas

® Gy ‘w Lol
u 62el
u l2gl
»
A 6221
»
4
a G2l
A 652t

n..uu wAs @

Epueg URTURIIOSTAGION OFF

L o1qul

A QChL R 6241

M ZTHL
R (2hl
-

2 v w9 v o

mmu Lere g

CEE L)

(se8) mopten

S
€ (qa®mn)enen
% mamoyene)
© Sga(m)eoen
€ (asmo)enen

£ Cagonyoon
Sqenom

e



- 7 -

Ethyl derivatives

. Although a complete assignment of ethylgermanium compounds is
nore difficult than for tlie methyl derivatives, a few coempounds have been
described (211, 21h). Table 2 lists the compounds encountered in the
present vork, Methyl C«H deformations fall in the range expected for
normal hydrocarbons (215), but the methylone C=H deformation banda are
near the (:li3 bands of the methylgermanium compounds,

The asbscrption near 700 cn.--“ is probably a methylens rocking mode,

and the Ge=C strotch falls in the rangs 530-390 em.”' Bande near 1020
em.~! and 965 cm.”! are characteristic of ethylgormanium compounds, and
these may involve 3 modes, since the high-frequency band is often of
complex shape.; Comparisons with the infrared (211) and Raman (216)
spectra of other ethylgermanium compounds, and with the” spactra of Et“Sn
end Et,Fb (217) indicate that cme of these bands is due to the C-C
astretch. The assignment of the others, which involve C-H deformations,

is lees cortain, |
“ In the far infrared, two brosd bands are usuali_y observed .and these
are probably due to Ge=CeC deformations (C=Ge=C deformation medes will
fall at o frequency lowor than the rangs obesrved). These bands have
not previcusly been chserved, but thoy are known for ethyl-tin and ethyl-
lead derivatives, and have been reported in the Raman spectra of ethyl=
geraanium chlorides. Additional complicationa appeared :ln this region
for phsnylet!:&lsermanea, and these are dealt with separately later.
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E-Butxl derivatives

In addition to the usual methyl and methylene deformations, two
weak bande near 880 and 870 cm.'ﬂ are characteristic of a-butylgermanium
compounds, and are of value as this rogion of the infrared is ogt.en
transparent (Imble 3). Most of the nebutylgermanes are liquids, and
comparison with the spectra of n-propyl- and n=butyl-tin compounds
(217, 218) and with n-propyl bromids (219) provides evidence for trans
and geuche configurations (about the firat C-C bond) having v(Ge=C) near
645 and 550 cn.™ respectively. Priphenylbutylgermans is a crystalline
solid, however, and as such it shows the strotching mode of the trams
form only. 1In sclution, or as a melt, it shows both trans and gauchs
formg. Absorption bands in the far jinfrared which are not attributable
to phenyl, banzyl or ethyl groups are alco given in Table 3. The lower
frequency bands are probably due to Ge«CeC deformations, and the bands

1

near 400 ¢m, @ may be C=C<{ deformations.
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Isorpropyl derivatives

' The speatra available show a close similarity to isopropyl bromide,
for which assignments have been made (220) (1466 s, 1385 w, 1370 w,
460 w, 1082 w, 1006 &, 918 w, 878 m). Table 4 lists the bands typical
of the gormenium derivatives. The absorptions in the far infrared neer .
420 and 310 om.~ are probably dus to C=C<C and Ge=C~C deformations,
reapoctively. '
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Table &
Characteristie eragroﬂaamanium Bands

b Me,C=H v asy Ge«C v gya Ge=C

2

4Pr,Gell 1?21 w . 565 556 °8 | 420 s, 313 8

1PrGeD 1224 w 564 @ sk2 s |40 s, 311 8
iPrGeCl | 1224 m s62s 521 w 421 m, 323 §
(1Pr,Ge0) | 1215 v " 578nm 545 w e

iPr,de 1224 w 557 m Shly m ' °

1Pr Ga,, 1224 Sl 8, 557 eh 505m  |413 e, 310 8, 3050 -
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Benzyl &er:l.vativea

The apactra of thess compounds are extremely complex, involving
a monosubstituted benzene ring and a methylene greup. (The bands due to
(PhCE,) 580 1n (P}'.GHZ)BGeGl are: 1949 w, 1869 w, 1805 w, 1745 w, 1595 s,
1577 w, W88 a, 1447 s, 140k w, 1333 v, 1314 w, 1282 w, 1250 v, 1218 w,
1203 m, 1181 w, 1155 w, 1145 w, 1055 m, 1026 w, 996 w, 980 w, 967 w,
901 m, 848 w, 813 w, 800 m, 781 m, 763 s, 694 8, 617 w, 557 w, 541 w,
461 m, 448 m, 337 w, 251 @ em."1). A number of banda are very
characteristic of benzyl groups and can bts usad for characterisation
purposes, Three bands, near 815, 805 and 775 cm.'1. vhich probably .
include a Clla rocking mode, give a very characteristic pattern. The
germaniun~carbon stretch occurs nsar 550 om,” ), and ie generally weaker
than in the mathyl-, ethyl-, and butyl=-germanea, Two bands are ususlly
obaserved for compounds having more than one benzyl group, and these are
probably due to asymmatiric and symmetric Ge-C stretch. Table 5 lists
thogse bends, and the far infrared bande, For compounds of the type
. (benzyl)n@a{all_gyl) ljop 1% 15 not poeaible to distinguish betwson tha
diffevent typec of vw(Ge<C), and m.fe'renee 45 made to ;ariiar tables.

The far infrarsd spectra show two banda characterietic of the
benzylgermeninm group, Of these, the bamd nt 243 & 15 cme~ ) is the
most useful. Both this and the weak band near 335 c:ne‘1 are present in

benzyl bromide and are absent from rethylene bromide.
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Iabls 5

Characteristic Benzylgermanium Bands

(PhCH,,) 30801
(PhCH,) 33eBr
(PhCHz)jﬁeﬁe
(PheH,,) 5eEt
(PhCH,) GeBu

2°3
(PrCH,) , Ga

(PhCH,) Ge,
[(PncH,) ,Ge J,2°
(hCR,) ,GeH
(PhCH,) BG'eD
(Phcaa) 30 51Me,
des+GoLt

3
('PhCIia) Gete.,

(Phcﬁa) ZGeBuZ

('PhC‘Hz) 3

(PhCE_Ia) oCel,

hew] ) Gal).
(& 1CH,,) aCeDZ

E(PhCEE) azaeqejz |

PhCH,GeBu

134

PhCH. GeE't

n

3
3
PhOH GeHa

N

PhCH G_e?h's

N

v Ge-C
559 w, 540 w
557 wy S41 w

Table 1
Table 2
Table 3
503 w, 550 m
556 wy 539 w
559 m, Shh w
541w
563 m, S41 w
554 w
da
Teble 1

Tabls 3

. 556 gi 532 W

56k w
Table 1

. Table 3
Teble 2
Table 1

| 562 wu

337 w, 251 m
343 w, 256 s

340 w, 245 8

334 wy, 251
333 w, 247 B

336 w, 257 @y 237 m

32 w, 238 m
b 260 8
334 %, 2%9 m
354 W, 238 0
335 w; 261 m
d 257 m or 234
345 w, 249 m
33k w, 238 &

an

L5 w .
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ARYLGERHMANES o
Phenyl derivatives

Recent papers on PhyH compounds (H = 54, Ge, Sn and Fb) (221),
phenyl derivatives of ¢ia (222) and triphonylgernyl azide (223) have
established frequencies characteristic of phenylgermanium compounds.
Most of the bands are identical with other monosubstituted benzene
derivatives. The bends dus to PhBGe in Phjpecl are ats 1965 w, 189% w,1826
1770 w, 1653 w, 1582 w, 484 m, 429 &, 1381 w, 1335 ¥, 1305 m, 1266 w,
1183 w, 1159 v, 1092 8, 1063 v, 1026 w, 998 m, 971 v, 917 w, 855 w, 735 s,

60% s, 676 w; 613 w, 463 m, 4535 m, 340 sh, 328 8, 275 m cm."

The
variations shown by certain bande have been the subjeet of much cocmment,
and these bands have been noted in the prese¢nt work, For example, the
band at 1089 em;'1, one of Randle epd Whiffen's "X-zensitive" bands
(224), is astated to be constant for phenylgermenium compounds (221, 225).
In the compounds examined, however, this strong, sharp banﬁ varies from

1073 ems™" (4n (Fhoe) PL(PERS) ) to 1099 ea.”? (in hexaphenyldi geraczans)

_ _and _can ovarlap the positions of th- equivalent band in Phe54 end Ph=Sn

ceapoundo. A gimilar ebua-v“tien has bsen pcr*eﬂ for phenylﬁin
.ceapesnﬂs (222). The 1428 cme” ba_d howsver; is conatant to within
5 cmeni'{£21a 226) .

Variations in the band near 695 em.g1 have been stated to depend on
. the electronegativiti of the other substituents (221). Although
variations in the position of this band were observed, they were too
soall to be of value. ‘he Pand near 450 cm.-1 has boen reported as

splitting in less symmetrical phenyl.derivativee, eapecially in solids
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(221, 227). 1In the compounds available this band fell in the range
482448 em."1. and in compounds containing more than one phenyl group
aplitting of the band does sometimes occur, but no pattern is obvious.
For example, P%&Cl and PhjﬁéBx“- both show two bands, whereas PtheI '
shows only onej in complexes having triphsnylgermyl groups bonded to
platinum, thrée bands are obszerved in thie region.

Phenylgermenium compounds show two bands 4n the 350-200 cm.™
region. The stronger, near 325 cm.”? 1n Ph,Ge compounds, is highly
characteristic of this group (221) and for the analogous .silicon
compounds is stated to combine an ineplans ring @femation and ths
asymmetric M=phenyl stretch (227). This band falls at slightly lower
trequencies (314=~309 am.”") in diphenylgermyl compounds. The wesker of
these two bands probably involves the symzetric Ge-pr;enyl stretch. It
is more vardable (303-268 o.m.'1) and shows .leaa splitting than has been

1 4n

reported for the silicon compounds (227). The band near 228 cm.”
(Fhﬁﬂo)scieﬂ and (PhBGo) 3('!eli!e has been ascribed to fhs Ge~Gs stretch (43),
ané this mode may also involve some soupling with ring vibrationsz.

The far infrared bands and the band nesr 1089 om.”! are given in
fable 6. The phenyleihylgermanes have more cémpla:: far infrared spectra
and are pieeeﬁted separately (Tebls 7). Hesje of these scmpounds have
4 bands in this region, two of whioch are present in Et,0e. The band near
260 cm.-1 is absant. from most nene-aromatic e'thyl-germanium compoundis
other than Et}GeBr. Trdphenylgermyletransition metal complexes and the

| . phosphine compaunda. PhsaoaPPha ané PhZGe(PPhZ) 20 also show additional
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complexities in the far infrared, and are given in Table 8. The
additicnal bands may be dus to the phosphine ligands and the Ge=M
stretch,



Characteristic Phenylgermanium Bands

Ph“Ge

Ph_GeR
2

Ph. GeD

>
Ph_GeCl

)
Ph,;G,eBr
' Ph;“‘j‘l
PhSGeHe
PhBGeBu
PhEGeCHal’h
(Phsge)z
(th‘ce) 3‘*03
(Phjﬁe) 3(a'neMe
(Phjge)zo
thﬂe!{a

PhGeBry

thﬂe(E) Mo
PhEGo(H)Bu

. PhGgeBr5

1091
1093
1093
1092
1090
1089
1092
1092
1092
1086
1086
1087
1099
1094

1089° |

1093
1093
1081

30 BB

329 s
323 &
322 &
328 s
327 a
335 8
39 a
%26 s
25 s
R0 s
29 s
328 s
328 m
328
s B
209 s
3% 8

N m

289 m
268 &

28h
202 m

292 m

1 nm

228 8
228 m

25k



Eiues :

GeP
Et3ah

Ei:ZGeP'h‘2

(Et-(th) Ge) 2
Etﬁa!’h)

1092
1092
1083

1092
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1phe reanes
225
327 8 310 o
235 s 315 8
218
31 s 322 8

294 8

289 &

295 n

2% s

297 m

254 w
260 w
260 &

260 w

226 w
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Table 8

Germanium=Phosphorus and Germanium-Transition Metal Complexes

PhSGoPth
PhaGo (PPhZ) 2
thGo-Ag(PPh3)3

P °
) hBGe AuPHos

oh. Gae A
PhBGo I).]?P’h3

L(PnyGe) AulNEL,

(pn.',.ae) 2Pt(PEt3) >
PhBGePt(H) (PEts) 2
(Phsﬁe) 2Pt(PPr3) 2
Ph,0ePt(I) (PPrB) 2

PhBGQPt(GH) (PEt3) 2

PhsGaPt(OMe) ('PEtB)E

PhBGePt(OEt) (m:ts) 2

PhBGePt(GPr ) (PEts) 2

1086
1079
1094
1083
1081
1075
1073
1074

- 1076

d
1078
1079
1083
1080

327 s,
311 s,
323 w,
345 w,
321 e,

Mo

318 s,
326 s,
317 e,
329 s,
305 8,
334 8,
333 o,
309 &

273 s,
288 s,
308 m,
316 s,
307 s

05 s,
305 m,
305 s,
M &,

291 m

328 m,
326 8,

254 w,
272 w,
296 m,
39 8

285 o,
292 s
287 s,
298 w

M0 s
3.

239 w, 221 w
257 8, 246 m, 235 w
265 w

22 m

ks
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iolyl derivatives.

folylgermanes (Table 9) contain two bands close to those found
in phenylgermanes, near 320 and 290 cm.™ ', which may also involve the
Ge~C gtretoh. The far infrared alsc contsins bands whick appear to be
characteristioc of optho-, meta and para-substituents, but too few
compounds are available to confirm this.



Characteristic Tolylgermanius Bands

(o=Tolyl) Gebr | 438 s 43 e 305 8 257 w
(O-Tolyi)sﬁoli 38 s 405 m 30% 8, 291 s 245 v
(o—‘l‘olyl)ﬁdca 6s | W7 m 307 my 291 8, 286}8 253 w, 249 w
(m~Tolyl) 0 | k68| 379m 316 8, 208 270 w
(m-Tolyl),Ge | 4305 | 388 m, 373m | 3238, 3035 261 w, 232 w
iﬂ;l—Tglyl)éGéz 426 & 5@ 51é s, %0b 3 259
(p~Tolyl) Ge b37 8| 373m 367 s 328 5, 254 m 278 m
(paTolyl)sﬂea 484% o 32w 316 5, 309 s | 282 n, 2%7
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FUNCYIONAL GROUPS
Orpganogermonium hydrides and deuterides.

Kany erganogermanium hydrides have been exmmined and, in addition
to the Ge=H stretching freguenty near 2040 cma-‘*, various deformation
modes have been identified in slmpler molecules (Ge&a bend and wag near
860 and 780 om.™" (184)§ Gelly rock mear 600 om.”' (228, 229)). The

germanium=hydrogen stretch varies from 2475 ca.™

in GelF, (184) to
1953 on.™ in (PhBGo)BGoH (43), and for a series of organcgermancs of
‘similar structure, the Ge-H stretch has been related to the Taft elsctro=
negativity ccefficients of the attached groups (230, 231)s ITable 10
lipts the values of the Go-H and Ge=D stretching freguencies found in
the present work. Deformation modes ars also given. Germaniume
douterium deformations occur in uncomplicated vegioma of the spectrum
and are easily recognised. In contrast, for tribenzylgermane the Ge-E
bend could not be identified, and in other csses only alternative
assignments ware pessiblae, Tha spactrunm of éand triphenylgsrnane
showsd remarkable complexities between _?OO_Q!;_%‘1 end 500 em."‘,_ which
were abaent from solutions or the liquid melg, and may bé connacted with
the ¢ zad B erystal forms. Diphenylgermene and dibenzylggmang, both

of which are liquids, were alse complicated in thies regieon, and
d.iphenylmefhylgemans contained several bands additional to those

expocted,
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Organogerwanium hzalidas

" Soms germanium-halogen stretching frequencies aro given in Table 11.
Raman spoctra of several ethylgsrwanium chlorides ahow bands at 400
and 376 cm." ! ascribable o vy, (Ce-Cl) end v . (Ge<Cl) respectively
(214, 216). Similarly, the infrared spectrum of methylitrichlorgermane
contains two bands at 430 and 403 cm.™' (212). The germanium-bromine
stretohing frequency covers a wide range and is difficult to assign in
the phenylgermanee aince it falls in tho asde region as tha characteristic
phenyl bands. In dibromdiphenylgermans the Ge-Br stretch and Ge-Fh
atretch wvere not recolved, The wide range of values is to be expected,
since with such heavy subastituents the gvrmand,um.ntom ¥ill no~longer
&ct as an "anchor' and the struciure of the rsst of the molécule will
affect tho vibration: As vith silicon halides (227) the electronagativity

of ths other groups may affect the position of v(Ge«X) also.



PhBGQC_l

(PRCH,,) ,GeC1

)

Ph3Ga,Br

(Phcﬂa) 3oenx-

Etjaenr

PhGeBr,
PhGeBr}
Geirl,
PhBGnI
MaGel 3
Gel 4

iao-Prsﬂocl

h166ﬁ

Table 11

v Ge=Cl
379 =

%2 ®

369 8

v Ge-Br

N3 s
251 s

269 mor 245 m

315 82

327 s 228 w

330 8

Germanium Halogen Stretching Frequencios

v GeI

283 &
256 m
263 =
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Orpeanogermanium oxides.
The froquencies attributable to germaniume-oxygen stretsh vary

greatly depending on the other atum attached to the oxygen and on the
structure of the moleculs. Two bands, mear 040 and 680 clii..1. have
been roported for ths alkoxygermanas, Ge(OR) L (100). Only one band

(near 850 cm.-1) has bsen reported for diphenylgermanium oxide (98),

but in dimethylgermanium oxide the position of ths geruanium=-oxygen
stretch varics depending on tho degree of polyumerisation (210, 95).

This dopendence on structure lms also been reported for the corresponding

silicon zompounds (215) and a sindlar complexity is indicated for the

_isopropyl compound, {(iso P?ano)n, ia the present work. The bands due
- to 3armanin£n-mgen are generally broad, and values are givem in

Table 12.
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Table 12

Gormanium Oxygsn Streichine Freguencies

v Ga=0
(Etsﬁo) 20 855
(Ph,Ge) 0 858 5
[(PhCH,) 40010 1926 §
Bt Oa+0P(0)Ph,, | 95k &
(i‘:”raGeD)_n 84k s, 789 8

Ce(CMe), 1033 2, 633 s
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Other orpanogermnnas,
(PHCiL,) (Ge-SiHa,  v(Ge=51) probably at 359 o,
Z¢,fe~PPh, v(Ge=F) probably at 474 em.”
(p-Tolyl),0e000H  v(Ge=C) probably at 571 om.”"
PLATIHUM ALKOXIDES,

Bands attributable to the OR radical in the alkoxides, (Et,P) ZPt(OR)-'
GoPhj-. {described in Part B of this thesis) show & close sirdilarity to the
corresponding elochols. Theee bands are given in Table 13. Although the
band at 1033 em,~) 4n the methoxide and 1060 om.”" in the ethoxide can
probably be assigned to the C=O etreteh (232), the isopropexide spectrum is
too complex to aasign this band with certainty. The medium intensity band
which eppensc &t S70 om. ! in (Et,P) Z,Pt'(on)eophg. and 537 em.” 4n
(zt?l?) th.(OHe)GaPhs ‘48 probebly due to the Pt«0 stretching mods. This band

wae not observed in the ethexide op isgpropoxide, however.

MeGH 1031 & | (Et}P)zPﬁ(OHe)GePh3 | 1033 & v(C=0)
| ' 539 n w(Bt=0)
EtOH 093 8| (EtBP)_alfg(O_E_t_)GaPhs | ' 1104 8
1050 & ' ' ' 1060 & w(C=0)
882 m '_ . 862 m
igoProR | 116bm|  (Bt.P) Pt(OPr)GePh, 1157 »
i131 a | - 1121 &
MM a
954 o 971 @
818 m - _ - 8% | -
(E¢,P) PL(OM)dePh, | 3630 m | v(o-B)
5708 | vw(Pte0)
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HeHoRo SPECIRA,
The *B nuclear magnetic resonance spectra at 60 Me/zec. of aone

organogernanes sencountered in this work are given in Table 1 . Chenical

shifts relate to tatramethyleilane as an internal standard. Fhenyl peaks -

wers alwaya complex.

Zable 3
4 . Chomical Shift,~

Compound Solvent GowR - Ph CH, Bt
7h,Gell | Casmamcen, | k31270 - -
Phaﬁeﬂa ' | - _ 4.91. 2077 J - -
(Phen,) Slet, | S - | 5595 3.06 7487 = -
(PRCH ) el azbin o0y, | 582 3.7 781 -
(FheH,) e - " 3291 793 =
(PhCR;) 00eGolty | " o 3¢06 782 9:02




1.

2.

Se
ke

5e
e
70
8o
%
0.
s
12,
13,
e
. 45,
16,
17,
18,
19.

21.

Johnson, Chem. Rev., 48, 260 (1951).

R4 Jkens, "Organogerman;um Compounds", Gchotanus and Jens, Utrecht,
(1560) ,

Quane and Bottei, Chem., Rev., 63, 403 (1963).

Dub, "Organcmetallic Compounds. II, Organic Compounds of Cermanium,
™n and Lead", Springer Verlag, Berlin (1962).

Kraus and Foster, J. Amer. Chem. 50c., 49, 457, (1927).

Morgan and Drow, J. Chem. S50c., 1760, {1925).

Tabern, Orndorff and Dennis, J. Amer. Chem. Soc., 47, 2039 (1925).
Johnaon and Nebergall, J. Amer. Chem, Soce, 71, 1720 (1549).
Rochow, J. Amer. Chem, 5oc., 69, 1729 (1947).

Carrick and Glockling, J. Orgencmetal. Chem., (In the press).
Winkler, J. prekt. Chem. [2], 36, 177 (1887).

Kali Chemie. Brit. Pat., 820,146« Chem, Abs., 54, 6550 (1960)..
Gilman and Gerow, J. Amer, Chem. 506., 79, 342 (1957).

Gilmen end Gerow, J. Orgs. Chem., 23, 1582 (1958)..

Lesbre and Satge, Compt. Rond., gzg. 2220 (1960

Lesbre and Satge, Compt. Rend., 247, 471 (1958).

Mazerolles, Bull. Scc, Chim. France, 1307 -(1962).

Gilman and Gerow, J. Amers Cheme Soce, 27, 5740 (1955).

Satge, Ann. Chim, (Paris), §, 519 (1961). |

Anderson, J. Amer. Chem. S0c., 25, 314 (1953).

Lesbre and Mazerolles, Compt. Rend., 246, 1708 (1958).



22,

- 172 =

Gladshtein, Rode and Soborovakii, Zhur, Obshohel Khim., 29, 2155

(1959)§ Cheme Abo., 34, 9736 (1960).
Dennic and Patnode, Je Amer., Chem. Soc., 52, 2779 (1930).
Krous and Fleod, J. Amer. Chem. Soc.; 5k, 1635 (1932),

kaborn and Pande, J, Chem, S0c,, %200 (1960)0

Tabern, Ornderff and Dennis, J. Amer. Chem. Soc., 49, 2512 (1927).

Johnaon and Heyris, J. Amer. Chem, Soc., 72, 5564 (1950).
ﬁaaaralles, Dissertaticn, Toulouso (1959).

Flood, J. Amore. Chem. Soc., 34, 1663 (1932).

Birr, Z. Anorg. Allgem. Chem., 315, 175 (1962).

Pope and Skirnor, Treae. );;'arad. Soc., 60, 140k (1964).
Morgan and Drew, J. Chem. Soc., 1760, (1925).

Bauer >md Burachkies, .Ber., 624 10‘01- (1934) .

Johnson and Harris, J. Amer. Chem, Scc., 72, 5566 (1950),
Gilman and Gerow, J. Amers Chems. Soc., 78, 5435 (1956).

Inorg. Synthesss. vea'_.,v. 72,

_Sayferth, Jo Amer. Chem. Soc., 29, 2738 (1957).

Gilman and Gercw, J. Amer, Chem, Sog., 77, 5509 ('3955).
QGlockling and looten, Je ‘Cheme S06., 3509 (1962).

Krous and Sherman, J, Atier. Cheme Soc.y 55, 4694 (1933).
Kraus and Brown, J. Amer. Chem. Soc., 52, 3690 (1930).
Kraus and'Bfown. Jo Amer. Chem, Soce, 52, 4031 (1930).
Glockling and Hooton, J. Chem. Soceg 1849 (1963).
¥Willemsens and Van der Kerk, J. Organometal. Chem., 2, 260

WQBt. Jeo Amar, Chem, 500.. Zﬁ. ‘#363 (1952).



- 173-

6, Rochow, J, Amer. Chem. Soc., 63, 1729 (1947).

k7. Schwarz and Schmelaser, Ber., 69, 579 (1936).

48. Rijkens and van der Kerk, Re¢. Trav. Chim., 83, 725 (1964).

49, van der Kerk, Rijkens aud Janssen, Rec. Trav. Chinm.; 81, 764 (‘i%?-.):
50, luijten and Rijkens, Rec. Trav, Chim., 83, 857 (1964).

51. Flood, Godfrey and Foster, Inorg. Synth., Vol: IIX, 64 (1950).
52, Emel'yanova, Vinogradova and Havakova, Izv. Akad. Nauk SeSeSeR.,
Otd. Khim, Neuk, 53 (1962); Chene Abse, 37, 12523 (1962).

53, Tchakirian, Ann. Chim., 12, %15 (1939).

54 Ficher, West and Rochow, J. Amer. Chem. 30c., 76, 5878 (1954).

55. Ponomarenko, Vzeérkéva and Egorov,; Dokl. Akad. Nauk 5.5.3.Rey 322,
405 (1958)3 Chem. Abs., 33, 192 {1959).

56¢ Seyferth and Rochow, J, Amere Chem. Sosey 727, 907 (1955).

57. Hetlesics and Zeiss, J. Amere. Chem. Soc., 82, 3321 (1960).

58, Jacobs, Compt. Rend., 238, 1825 (1954).

59, Allred and Roghow, J. Indrg, Bugl. Chem., 5, 269 (1558).

60s Rochow .and Allred, J. Amer. Chems Soesy 77, 4489 (193%).

61s Thomas and Rochow, Jd. Amer. Cﬁemg Soc., 72, 1843 (1957).

62, Thosaa ond Rochow, J. Inorg, Hucle Chem., &, 205 (1957).

63. Jechnson and Schmall, J. Amer, Chem. Jec., 80, 2931 (1958).

64. Pemeh and wmaﬁgton. Je Chem, SocC., 1238; (1961).

65 Voegelen, Z. Anorg. Chem., 30, 325 (1902) ._'

66s Dennis, Corey and Moore, J. Amer. Chem. Soc., 46, 657 (1924).

67+ Piper and ¥Wilson, J. Inorg. Nuvl. Chem., &, 22 (1957).

68, Macklen Je Chems Sooey 7989 (1959).



69.

Al
72,
73«
74
75
764
17+
785
79+
8o.
81.

83.

Bl

8s.

87.
38,

89,

91,
22,

- 17h =

Sujishd and Kieth, J. Amer, Chom. Soc., 80, 4138 ('19§8>.'
Hacklen, J. Chem. Soc., 198%&. (1959).

Amberger, Angew. Chem., 21, 372 (1939).

Drake and Jolly, J. Chom. Soc., 2807 (1962)..

Zeltmann ;md Fitagibbon, J. Amer, Chem. S08., 76, 2021 (1954).
Dennis and Gkow, J. Amer. Chem. 80¢., 52, 2369 (1930).

Evaus and Carney, J. Amer. Chem. Soc., 58,.765 (1934).

Royen and. Schwarz; Z. ABOPg. Chem;. 213, 12 (1933).

Glarur, Ph,D. Thesis, Brown Univ., May. 1933.

Andersony J. Amers Chem. 500, 22. 326.(1957).

Johnaon and Jouos, J. Org. Chei.y 317, 1172 {1952).

Lesbre and Satge, Bull. Scc. Chim. France, 783 (1959).

Satge, MathiseNosl and Lssbm. Compt. r.ep.d.-,, 249, 131 (1959).
Ponomarenko, Zueva and Andreev, Izv. Akad. Nauk S.S.S.R.. Otd.
Nauk, 1358 (1961) Eng. Trans, 1639 '
ooty Jo Anere Chame 500.y 22, 6080 (1953,

Teal and Kraue, Je. Amey. Chem, 50c., _2?5,4:706 _(-.195..0).*_ .- '

Donnis and Judgy Je Amer. Chem. 50o., 51, 2321 (1929), -

Delvaulle and Francois, Compt. :egd_é_; 228, 1007 (1949).
Anderson, J. Amer. Chems Soesy 82, 3016 (1960),

Schott and Harzderf, Z. onorge allgeme Chem., 307, 105 (1961).
Fuchs and Gilmam, J. Orge, Chem., 23, 911 (1958). |

Glarun. and Kraus, J. Amer. Chom, S0ces 72y 5398 (1950).

Satge and Lesbre, Bull. 800, chim. France, 676 (1961).
Hughos, Dissortation Abétr.. 19, 1921 (1959). |

Khim,



- 1?5 -

93. Bauer apd Burachkios, Ber., 65, 956 (1932).
9%, Simons, Wagner amnd Huller, J. Amer, Chem, S00., 53, 3705 (1933).
95« Brown and Rochow, J. Awer. Chem, Hoc., 82, 4166 (1960).
96, Anderson, J. Amere Chem. 500y 7%, 421 (1952).
97 Anderason, J. Amer. Chem, Soc., 78, 1692 (1956),
98, Motlesics and Zeisas, J. Amers Ghem. S6G., 82, 3324 (1960).
99« Jones, Dissertation -Abstr., 13,-X8 (1y53).
100, Johnsen and Frits; Je Amer. Chems Soge, 73, 718 (1953).
401: West, Hunt-and ¥hipple, J. Amer. Chem. Soceq 26, 310 (1954).
102, Anderson, J, Amer. Chem. Soce, 24, 2371 (1952).
103: Anderson, Je Orgs:Cheme, 20, 536 (1955).
104, Flood, J. Amor, _Chan. Soeey 35, 4935 (1933).
105. Xraus and Wooster, Je Amer. Chem. Sec.y 52, 372 (1930).
106, Glockling and Hooton, Proc. Chem. Soc., 146 (1963).
107. Kraus and Nelson, J. Amer, Chom, Soc., 36, 195 (1934).
108, Amberger end Boetens, Angews Inte, 2, 686 (1963) .
_109.._GAlman and Gorsw, J. Amer, Chem. 3024, 22, 4675 €1955).
110, G.o-arga; I;Gta;-son and Gilmam, J, Amer. Chem. Bees, 82, 403 (1980).
115. Gorsich, “Orgunonetailio Chemistry®,. Ed. Zelss, p.331 (Reinhold).
| 112, Gilman, Hughes and Gerow, J. Orgs Chem., 2k, 752 (1959). .
' 113. Brook and Padile, ‘J. Amer, Chem. Soc., 85, 2338 (1963},
114, Brook and Gilmen, J, Amer. Chem. Soc., 26, 77 (1954).
115. Gilman and Gerow, J. Amor. Chem. Soc., 78, 5323 {1956).
116. Brook, J. Amer, Chem. Boc., 77, 4827 (1955). '
117, George, Talukdar, Gorov and Gilman, J. Amer, Chem. Soc., 82, 4562
(1960) .



118, Oilman and Gerow, J. Org., Chem., 22, 534 (1957).
119. Glockling and Hooton, J. Chem. Soc., 2658 (1962).
420, GAlman and Zuech, Jo Org. Chom., 26, 3035 (1961).
121; Noumann, ingew, Chem. Int., 2, 555, (1963).
122. Pope and Peachey, J. Chem, Soc., 571, (1909).
123. Chatt and Shaw, J. Chems: Soo., 705 (1959).
124, Werner, Z. anorg. allgem, Chem., 3, 267 (1893).
125, Reiset, Compt.Rend., 18, 1103 (1844),
126. Peyrone, Am, Chem, Liebigs, 31, 15 (1845) ¢ _
127, Basclo and Pemradn, "Progress in Inorgsnic éhemisﬁrf'-. Ge. I:itaracience
(1962) |

128. Chernyasv, Ann. inst. platine (UQEDQSQRQ).

by 243, (1926}, Chem. Absa,

23, 2620 (1927). L '

129, Chatt and Wilkins, J. Chem. 5oc., 525 (1956),

130, Chatt and Willdns, J. Chem, 30c., 2532 (1951).

131s Basolo, Qréy and Pegrson’, Je Amer. Chem. Soc., 83, 4200 ( 1950)9

132, Gray, J. Amer, Chome Soc., Si, 1548 (1962). .

135, #;;;;jca;_?aséié'e;d-éééfséh, Ju Aters Chems Soces 79, 4055 (1957)s

13b. Bateancv, Zhurs Neorge iﬁ‘nim.. by 1715 (1959)§ Cheuw. Absey i, 11631,
- (1960), | | o

" 135, Wunderlich and Meller Acte Grys;.:. 2y 120 (1958)5 8, 57 (1955).

136, Bokif and Kukina, Akad. Nauk 5.5.S.R. Kriste, 2, 40, (1957).

© Chem. Abs., 52, 3455 (1958).

137, Ouston, Partridge snd Rowe, Acta Cryat., 13, 2i6 (1960) .I

138, Aldermsn, Owsten and Rowe, Acta Cryst., 13, 149 (1960).



139.

o
Wi
142,
143,

14k,
145,
146.

147,
148,
149,
1506
51.
152,
53,
15k

155,

1564
1574
158,
159,

Chatt, Duncanson, Shaw and Venanzi, Disc. Farad. 30c., 26, 131

(1958) .
Chatt and Shaw,; J. Chem. S06.q 5075 (1962).

Coates and Parkin, J. Chem. Sec., 421 (1963).

Adans, Chatt, Gerratt and Weatland, J. Chem. Socs, 734 (1964).

Crinberg, Acta Physicochim. UsS«SeRey 3y 573 (1935) Cheme Abse,

30, 4074 (1936).

Chatt, Duncanson .and Venanzi, J. Chem. Sod., %456 {1955).
Orgel, J. Inorg: Nucl. Chem., 2¢ 137 (1956).

Essen and Gel'man, Proc. mkad. sci. UeSeSeRey 651 (1956).
51, 4864 (1957).

Chatt end Davidson, J. Chem, S0c., 2433 (1964).

Cotton, Chems Reviy 53, 551 (1955).

Chatt and Shaw, J. Chem, Sco., 4020 (1959).

Chatt, Duncanson snd Shaw, Proce Chiems Soce, 343 (1957).
Malatests ond Ugde J. Chems Sod., 2080, (1563).

Chatt, Dunconson and Shew, Chem, and Ind., 839 (1958).
ﬁa_latésté, Privats c_muﬂaatiez‘.s

Panling, Chems and Eug. News, 25, 2970 (1947),

(1962) § pPe7560
Coffey, Lowis and Hyholm, Jo Ches. Soc., 1741 (1964).

Chem. AbB., .

‘Gotton and Wilkinson, "Advanced Inorgamic Clewistcy', Interscience

Brook, Gilman and Miller, J. Amers Chems Soc., 22, 4?59_ (1953)s

Wu and Gilaan. Jeo Ame’i.'. GChenme '50605 ﬁg 3762 (1953)0
Beus and Coneldine, Je Orgs Cheme, 29, 1267 (1964).



- 1?8 -E

Clark and Willis, Prooc. Chem, Soc., 282 (1960).

Hahn ond Frank, Z. anorg. Chem., 278, 340 (1958).

Abel, Quarterly Revey IZ, 133 (1963).

King; Treichel and Stone, Cham. and Ind., 747 (1961).'

Anderson, Juarterly Reve, 1, 331 (1947). _
Piper, lemal and tilkinson, Naturwissenschaften, 43, 129 (1956).
Gorsich, J. Amers Chem. Soc., 84, 2486 (1962) .

Bryan, Proc. Chot, S0Cey 233 (1068) .

Kilbourn and rouel.' Chem, and Inu., 578 (19uw.

Craner, Jenner. ..:I.ndey and btalberg. Jo Ameyr. Chem. Soc., 85, 1692
(1963)«

Young, Gillard snd Wilkinson, J » Chem. Soe., 5176 (ﬂéﬁ#ﬁ '
Adems and Chandler, Chem. and Inde, 269 (1965).

Kestutls, Keblys and Dubeck, Inorg. Chem., 3, 1646 (1'964).
Niyholm and Vrieig. Chem, m Inci,. 318 (1964).

Dighs and Orchin, J. Amer. Chem. Boc.g 86, 3895 (1964),

. Kasenally, Myhols and Stiddard, J. Amers Chem. Sove, 86, 1884 (196M).

Spith snd Krous, J. Amer, Chem. Soc., 74, 1418 €1—"952}'a

Seyferth, Reub and Grim, J, Org. Chem., 26, 3034 (1961).
Vyazankin, Razuvasv and Gladyshsev, Dokl. Akad, Nank S.3e8.Rey 151,
1326 (1963). Chem. Abs., 59, 14014d (1963).

Vyagenking, Rasuvagv and Byehl.a.v, Dokl Mmﬁ. Nauk o.a.a.n., 1 8, 382

(196‘5). CIIGE. Abﬂ.’ _'1' 133378 (196“).
Vyazankin, Razuvasv and Gladyshev, Dokl. &knd. Hauk S.u.o.Ro. 55,
108 (1964). Chen. AbBe, __1. 18853 (1964) .


http://Haturtri.ssensche.ften

181,
182,
183.
184,
185.
186.

187,

188.
189,
190,

1926

193.
194,
195,
156,

197,

20C,

202

203,

- 179_ -

Seyferth, Hofizan, Burton and Helling, Inorg. Chem., 1, 227 (1962),
Hassey, Park and 3tonc, J. Auver. Chem. Soc., 85, 2021 (1963).

Hooton, Ph,D. Thesis, Durham 1963.

S#ivostava, Griffiths and Onysschuk, Canad. J. Chene, 4, 2101 (1963).
Gilman and Schwebke, J. Org. Chems, 272, 4265 (1562),

Calvin, Ph,D, Thesis, Durham 1959,

Coatey, "Crgano-motallic Coupounds', 2ud Editicn, Methuen 1960, p.k.

Gilman end Hortoa, "Organic Reactlons', VIIX, Wiley 1534, ch.6.

"Inorganic Symthesea”, Vol.V, 76, -
"Inorganic Synthemes", Yol.li, 112.

Gilman and Melvin, J, Aumew, Chem, Soec., 71, 4050 (19#9)e
Gilman and Massis, J, Amers Clwam. Soce, 68, 1128 (1946).

Heals, Js Amer, Chom. 500,, 68, 1380 (1946) .
Bott, Eaborn ond Swaddls, J. Cheme SoG.q 2342 (1963).
Allred and Rochow, J, Yaorg. Hﬁcl—. Chom, 2. 269 (1953).
Chatt and Williaua, Jo Chem. 5ose, 4403 (1958). |

:'ama:'g Lindeey, Prewiti and 8telaex ‘ge ¥ Ameir, Cham. SQ@S; .lﬂ
658 (1955)- | | -
lind=ey, Dev-sha..l and Stolbers, é;g Amer. Chen, See, )
Chalk and Horred, J. Amers Chem. Bes.; 37, 16 (1965).

Hootcn, Private con muns.eati.on.

Vyzenkin, Resuvaev and Komova, Dol:.L. le:a&. Hauk d.b.w.f!.. Ji_. 884

(1964) . Chem. Abs.; 62, 2788 (1965). .

Eleber and Wagner, Z. Waturforach, 13b, _999 (1936). _

.Hoin and Yeles, Z, anorg. Chem., §22. 14'45_ (1958)



23.
214,
215

- 180 =

Clauss and Bestian, Ann., 65k, 8 {1962).

Cooky, UsCoReL., 2459, p.7h.

Vaska and Diluzio, J. Ameis Chem. Soc., 84, 679 (1962).

Bond and Hellier, Chem., and Ind., 35, (1965).

lippincott and Tobin, J, Amer, Chem, 806.; 75, #1441 (1953).
Stafford and Stona, Spectrochim. Acta, 17, 412 (1961).
Brown, Okawara and Rochow, Speotrochim. Acta, 16, 595 (1960).
Schmidbaur and Huscselk, J. Orgsnometal. Chem., 1, 253 (;1'96#).
Aronsen and Durj,g. Spectrochim, Asta., 20, 219 {196k).
Griffiths, Speetroch.m. ﬁata. 20, 1335 (1964).

Chumsevakii, Opt. Spectry. (U.5.8.R.), 13, 68 (1962).
Bellanmy, "Infrared Spectra of Complex Molscules', Hethuen,
2nd Edition (1958).

Iippincott, Hercin and Tobin, J. Phys. Chem., 2‘2-.. g3% (1953).
Taimsalu and \éood. Trang. Ferad. Soc., 59, 1754 (1963).
Cummins, Austre Je Chems, 16, 985 (1963).

Brown and Sheppard. Trans. Farad. Hocey 5y 1164 (1954) .
Sheppard, Trans. Farad. bﬂu., b6, 533 (19;::).

Harrah, Rysn and Tamborcki, Spectrochime Acts, 13, 2% (1962),
Foller, J. Inorg. Nucl. Cham., 24, 593 (1962).

Thayer ond West, Inorg. Chem-s, 3, ko6 (1964).

wn:l.ffon. Je Chems Soc., 1350 (1956).

Kross and Fagsel, J. Amer, Chems, Sac., 27, 5858 {195)).
loltes, Henry and Jansaen, Chem. Indes 298 (1959).

Smith, Spectrochim. Acta, 19, 8&9.(1963).



228,
229
230,
231,
232

- 181 -

Srivastava, Griffiths and Onyszchuk, Can. J. Chem., 40, 579 (1962).
Griffiths, J. Chem, Fhys., 38, 2879 (1963).

Mathis, Satge and Mathis, Speotrochim. Acta, 18, 1463 (1962),

Mathis, Constant, Satge and Mathis, Spectrochim, iActa, 20, 515 (1964).
Butcher, Gerrard, Mooney, Rees and Willis, Spectrochim. Acta, 20,

51 (1964).

o nmw;:wrf N

m\\* o b
2,» Q‘UC \qb- /
. ‘nmw?; N //



