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Cyclic syste:us containing one or more Group IV metals are known and have been
‘documented in various general works [1—8] . These Group IV metal cyclic compounds
include: (i) systems having only Group IV metal atoms in the ring [9], (ii) those having
Group IV metals and other elements such as oxygen, sulfur and nitrogen (with [10] or
without [11] carbon), and (iif) those having one or two Group IV metals in a ring with
the other ring members being carbon atoms. The scope of this review is limited to the
chemistry of ‘g'ermanium, tin and lead cyclic compounds of type (iii), including the cor-
responding spirocyclic compounds. The literature is surveyed up till June 1972.

II. Cycloalkanes containing heterocyclic germanium
A Geﬁnacyclobutanes : . . -

The earlier claims by Vol’pin and coworkers regarding the isolation of gerfnacyclo-
_propene [12—_—15] have been ruled out, firmly establishing the compound to be a cyclo-

hexadienic derivative containing two germanium atoms in the ring [16—19]. The smallest
ring system known contains four members.

I Preparatzon

" Mazerolles, Lesbre and Dubac reported the first synthesis of germacyclobutanes [20
21] by a Wurtz type condensation of dlalkyldlchlorogermaneS and 1 3-d1chloropropane
in- the presence of sodium:

DV—BU2CV53CVI2: + vC..ICH2Cf"’2CHzCl W n—Buzee@ .+ 4 Na.(;l

(10%) -
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The germacyclobutanes were isolated by vapout phasé chromatography from the large:
quantities of polymeric material formed in the reaction (even under high dilution). The
compounds [20, 21] were obtained in much better yields by the cyclization of 7-chloro-

propylchlorogermanes using sodium or a sodmm—potassmm alloy (23% Na, 77% K) in
boiling toluene or Xyiene:

Na X -

- ~ 5 ——————e—eee —

n-BusGeCHCHaCHCL n Bu26<> + 2 NaCt
ct
(75 %)

Et.GecH.CH.CH,c —Ne% o o + 2NaCl

27 2= 2> "2 - toluene EtGe ’ a

|
c (35 %)

The y-chloropropyichiorogermanes {22] required for the cyclization could be obtained
in high yields via the reaction:

R,GeH + CH,=CHCH, Cl Sea‘l";sdoﬁ“he R,GeCH,CH,CH,Cl

c cl
(90%)

The method also permits different substitution patterns {21, 23] in the ring or on ger-
manium:

Na
RoGeCH,CHCH,CI —————a  R,yGe CH
27~y 2 toluene 2 & 3
or
Ct CHs xylene (70%)

(R=Et,n—-Bu)

/(CH2)3C{ Na ——\
Ge\ m-xylene, 10h reflux> ,Ge
Ci

(67 %)
ct
Na
—_— ———ee el -
n-BuGeCH,CHCH,Cl  —oiseee— n Buclieo
H , H
(45 %)

A more recent synthetic route to gemiacyclobutanes {24] involves the spontaneous
ring closure of 1-germylallyl alcohols:

¢t s C‘
LiAtH, -
PhGIeH + O CH-CH=CH, ——-—-—' PhGeCHCH CH2 hlgn Qiation .
Ct : : . o OH
S H o o ,OH ‘ . .
[Ph(.?eCH(OH)—CH=CH2] —_— Ph<13<> + polymer

H ) _ _ . H. .
. : (10%). .
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- ’I'he hydrogennacyclobutanes [23] undergo a variety of reactions with . rmg retentlon ’j
(Chart 1) and provide: synthetlc routes:to anumber of other germacyclobutanes

17N

B H ' A_ U amBul A o
T SN _CethaBr >Ge<> (80 %)
. g ' - _ _ Be :
‘n—8u. o ) . - . n—Bu )
N N - 1 - - - . Ge .
> v wwx ——e T

(X = CL,BRI; R'=Et, CgH,, vinyl, ethynyl )

n—-Bu: % o . n—Bu\»
"eg + neCoHpac=ch —180° e >
- H ‘ o e L. CghyCH=CH

(66, cis [trans . /1)

ST e Ll i - Fefiux —— / (90 °Io
.n—BU\ 5‘: . / - Mel o . ) . n-‘BU
W : — - S6E D> (80%)

Chart 1. Synthesis of sorﬁe germacyclobutane derivatives.

2. Propertres and reactions . :

The germacyclobutanes so far known are colourless llqu1ds with boiling. pomts lugher
than those of the linear derivatives containing the same number of carbon atoms, and -
dlsplay notable exhaltations of molecular refracnon (AMRD— +0.53 to 0. 60) [20 21}
characteristic of small cyclic systems. -

The polarizability of the mtracychc germamum—-carbon bonds and the ring strain in-
duce high chemical reactivity and both electrophilic and nucleophlhc reagents have been
shown to cleave the ring. Electrophﬂes cleave the ring rapidly and quantitatively. Thus
halogens react rapidly and exothermxcally to cleave one intracyclic germamum—carbon

“bond [21] (e.g. Chart 2). : -

- The acid-catalyzed electrophlhc rmg opening of germacyclobutanes [2(} 21] occurs
readﬂy in high yields: " - - " S , s
n—’BueGOV - V-B—C—O-Q-i«»' n- BuzGeCH2CH2CH3

o N bcor

. (85 o)

. “."Bua?‘?cHé,(.:Héc,ﬂa' (85%) ' :
. (85°/o) U )
Ax=cLBr1; R= - Me, ClCHz)
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' C CH2CH2CH28r
Ge\ N
: Br o

s (92%)
' ) o Br2 ] :
Et,Ge - i _.OT--' EtaGeCHaC:HaCHzB(‘
' :Br
(97 °I°
n-euzeg‘ 2 n-edz?eCH2CHZCH21 E
I
ICi (80 %)
o ' EtMgBr .
n—Bu2((5eCH2CH2CH21 = n-Bu;GeCH;CH,CH,I
Ci Et.

Chart 2. Ring-opening reactions of germacyclobutanes.

(52 %)

LiAlH4; Et2O . .
n—Bu2G<> - ~—eflux 380 n—Bu26|eCH2CH2CH3 + starting material
(40 %)

(1) | KOH /EtOH,

(2}1 H0 (1) MeONa,

[n-Bu,Ge(CH,),CH;].0
(60 °k)

+ starting material

PhLi

Et2GeCH2CH CH3 o

S : (80 %)
Cha.rt 3 Some rmctlons of germacyclobutanes

(2) MeOH-

n-Buzﬁ-}eCHZC‘HZCH; Na*
OMe o

MVeI :

‘n-Buz;GeOMe

Et26<> L Etz(‘-:yeCH_?C»Hz\’;Hz“'Lif
N en

(80%)
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- Nucleophlles such as htluum alummlum hydnde [20 21] alcohohc potassmm ,
_hydromde [”1] sodxum methoxlde [23] and phenylhthxum [23] cleave the rmg slowly »
'and 1ncomp1ete1y (see Chart 3) - 0

ng cleavage has also been accomphshed by compounds contaxmng a moblle halogen
[21] e.g. germanium tetrachloride and sulfiiryl chloride. The latter reacts in two dxfferent
vways (see the reactions with chlorine and hydrochlonc acid): :

R e
n—BUaG<> + SOLCl, . ) (@1
\______' n- Bu2(l3e(C H2 )2C H3

Ci

n—Bu26e<> + GeCly —  n-BuGe(CH,);GeCly
-2 - L ,
(52°%s)

* Mazerolle: et al. [25—27] reported two different types of ring-opening reactions of
germacyclobutanes with organosilicon and organogermanium hydrides depending upon
whether the reactions are carried out in the presence of (i) a catalyst [25, 27] e.g.
chloroplatinic acid (H,PtCl) or (u) a free radical initiator [26 27] e.g. azobis(isobutyro-
nitrile) (ABIBN) '

o ' H2Ptc16 ’
-n—Bu26<> + R3_nc|an —_— " - n—BuzG‘eCHECHZCHzM R3_,.,CI,., + polymer
M=Ge; n=0;R= Et

M= Si; n=0; Ry=Et,, Bu,Me,Ph,Me

M=Si;n=12; R = Me, Bu

- N .

‘ ~ -~ =MHCL. - - : o

-BuG g —e  n-Bu,GeCH,CH,CH

n-=he <> ABIBN 250° - 2(|: 227l
: g S Cl

[ , (80 %)
: (hlﬁﬂc;='auzsm'e:|, MeSiHCl,, Et,GeHCl, Bu,GeHCl,Cl3SiH)

A nuinber of insertion reactions leading to ring expaﬁsion have been reported. Thus -
sulfur dxoxxde [28] and sulfur trioxide. [29, 30] have been found to react at low.
femperatures yleldmg germaoxathlanes and germasultones respectively. On the other
hand high temperature reaction with sulfur and selenium has been shown to give germa-
Atetrahydm-thxophene and -selenophene respectwely [31] Vanous reactmns are listed in
Chart 4. : : 5 : . y
o Seyferth et al [32] observed the ﬁrst case of dxchlorocarbene msertxon intoa carhon—-
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o v e S

2
0-—-SO
(R_.R"—Et, n—Bu-, R2=H,Me):'  _~(90%)
<> + so, —1° ReM, - )
; b—s0,
(M = Si,Ge; R=Et,Bu) ~ (80-90%) -
R'l

1 220 -230° / l '
8 RZGQR + Sy ~ 8R,Ge
[ :

(R =Et,Bu;R'=H, Me)
260-270" Seq

R1

8R.Ge"
2 .e\/j

Se )
(R=Bu;R'=H)

(O - e O
(82°lo) :

Chart 4. Ring-expansion reactions of germacyclobutanes.

germanium bond when 1,1-diethyl-1-germacyclobutane reacted with phenyl(bromodi-
chloromethyl)mercury in slight excess in benzene solution at reflux:

Etgeo "+ PhHgQCCIBr e EtZGQ + PhHgBr
‘ o cl” cl : :
7 (359%)

C 327 o

The hydrogermacyclobutanes are more reactive than aliphatic or ﬁve; and«six-mem- "
bered ring hydrogermanes. They can be polymerized even without any catalyst, undergo

substitution reactions with halogenated denvanves and add to olefins and alkynes mth-

out any catalyst [23] (Chart 5).

Unlike germacyclopentane and germacyclohexane derivatives, germacyclobutanes | ,
-reduce cold alcoholic solutions of sﬂvet mtrate and hot solutions of mercuric chlonde to

the metal - [20] ' g

“Catalytic polymenz.anon of 1 l-dunethyl-l-germacyc;obutane [33] has been shown to

. yielda h.tgh-molecular welght polymer with § germamum in the main cham
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. ‘ (88 °/°)~ , , ,
Pyrolysrs of 1; 1 d]methyl l-germacyclobutane [34] gave a mixture of products (detected
by gas chromatography and mfrared spectra)

Me\Gef D -—M S cli 2 4 ethylene + propylene etc.
Me~” , : GeMeyp '

(38 °/o)

Although more comparatlve rate studies are needed of the reactlvrty of germa- and
sila-cyclobutanes some tentative conclusions can be drawn from the data already available:
(2) Germacyclobutanes seem to be less reactive than the corresponding silacyclobutanes
towards nucleophiles; (b) Electrophilic reactions of germacyclobutanes occur more readily
than of the silacyclobutanes; (c) Germacy clobutanes like silacyclobutanes, exhibit re-
‘ducing properties and can be polymerized in the presence of a catalyst or at high temper-
atures; (d) Hydro-germacyclobutanes as well as -silacyclobutanes are more reactive than
‘the corresponding aliphatic or five- and six-membered ring hydro-germanes or -silanes;

() The thermal decomposition (400—600°C) of 1,1-dimethyl-1-germacyclobutane differs
significantly from that of the silicon analogue in that while the former gives a digerma-
cyclopentane derivative the latter yields a disitacyclobutane derivative [34).

:n-Bu A ‘ : S n-Bu
~ CClg o
. H/C‘e‘ ~reflux 'k <> 3

(90%)

o o n—C.H,.CH=CH
150°%| C4HgC =CH &3 2

n-Bu - . n-Bu . v
N C4H9CH"CH Lol 0 nmCebhiaCHRCH,

(66 %) R
Cha:t 5. Sorhe_ reacnons of hydrogermaeYclobutanes.

3 Spec'roscopy , : ,
Spectroscoplc techmques like IR and PMR have been extenswely used to charactenze
germacyclobutanes as well as vanous products obtamed from thelr reactlons
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TABLE 1 - - -
IR DATA FOR SOME GERMACY CLOBUTANES _
Compound i o R; : - IR absorpuon (cm ) Assxgnment{.j' ',E' = ' _ Refetences
< ST s o - (liquid film) ST
(cg\)\e é e, Jaise e
N2 | X
Ety 1114‘1 . 21_ Ce
S Bup - 11147 Y
. <(CH3)g = 112074 .21
TS 1110 - 11202 R
alkyl, H 2020 : v (GeH) 23
Me GeBu o ' .
C 2 1125(1 . 21
Ph
Ge/ 3340 v (OH)Y
N ' 24
OH 2040 v (GeH)
Me
Ph ' ’
Ge” 3300 . » (OH) ,
\H o o . 24
OH : 2030 v (GeH)
2 Characteristic of the cyclobutane ring system.
TABLE 2
PMR Spectra [25] of A =G S >co
pectra o o 5 —~
c'c? c?c? \C“
§ (in CCly) Multiplicity - Position
1.9 - 24 _ . Quintuplet - C(®H-H
1.4 Triplet C@-H
1.2~ L6 ~ Complex C(2)-H
0.8 ~ 1.2 Complex C(3-H

0.9 ‘ . Triplet

C-H
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S An mfrared band (l 1 lO—l 120 cm") appears- to be charactenstlc of the germacyclo—
:butane ring system [20 21,23, 34] but detailed’ investigations regardmg far-infrared- -
and’ band assxgnments (as in the case of sﬂacydobutan&s) have yet to be undertaken. Var-

oS ir mfraxed absorptlon bands for germacyclobutanes are summanzed in Table 1.In the
,NMR °pectra [21,25,31] the germacvclobutane ring protons are deshielded. thus L
enabhng the dlfferentlatan between_cyebbt_x_tane ring protons frpm those belongl_ng to g

TABLE3
PMR DATA FOR SOME GERMACYCLOBUTANES AND THEIR REACI‘ ION PRODUCI‘ S
Cempound S o & Mllltiplicity - Reference
./Ph o - Ged 4.37
Gel_ _ HCO 3.45 multiplets 24
. H ~  CHz 1.0-1.8
GeH 4.38
HCO 345 multiplets 24
CH3; 09-1.3 '
EtGeCH; 09 -14 complex
ring ’ :
. GeCH,CH, 1.6 — 2.1 multiplet 32
~CH2CCly . 2.25 two overlapping
' doublets
R Ge a 2659 triplet :
.S v R=Et g 1.90 quintuplet 31
. R=Bu a 2.60 triplet 31
B8 1.85_ : quintuplet )
Ro= —(CH,) « 275 triplet
= 8 200 : 31 .
. _Me
BU2Ge§S/, S 1.8-29 - complex 31’
Bueh S a2 wiplet -
Bldsge” . a0  quintuplet >

4 & of Bengmfythe protonspn carbon atoms a or § to S or Se.
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TABLE4
PROPERTIES OF GERMACYCLOBUTANES
Compound 7 A R; ~ Bp.- . g’ a2 " Otherdata References' .
~ - CC/mm) - ‘reported o
T « o a a 0 amac
(CH2)3GeR, © Mey 120/760 1.4588% 1.1066° IR - 33,34
CEty ... .°78/80 14738 - 1.0853 IR, . - 20,21,29,30,
. : - o : o massspectrum 31 32
Bu, 112/18 14742 10163 IR,NMR,  _ 20,21,2529,
' : mass spectrum 30,31
Et,Bu 75/13 - 14720 10401 IR , 23
Bu, CgHig 103/0.3 14738  0.9799 ' 23
Bu, CH=CH, 80/18 1.4825  1.0506 23
Bu, CH=CHCgH,3  75/0.1 14828  1.0096 ‘ 23
Bu, C=CH 67/10 1.4822 1.0795 7 23
Bu, H 70/25 14781 . 1.0879 _ 23.
Bu, Cli 94/18 14900 11912 23
Bu, Br 107/18 1.5157 1.4520 23
Byl 121/18 1.5558 1.6358 , 23
Me—-<>GeR2 Et, 82/48 14682  1.0285 : 8,28
‘ , Buy 113/9 1.4690 0.9937 IR 21
Bu,Ph 82/0.05  1.5355 1.0909 IR 23
By, H 61/15 14701 1.0361 ' 23
By, 1 109/15 1.5410 1.5431 IR,NMR 23
Ph o '
s y :
Ge\ .
Ho SO 96/0.04 : IR,NMR = = 24
Ph
H S 98— 103/0.05 7 IR,NMR 24
(CH2)3Ge(CH2)e 89/38 1.5185 12043 IR 21,31 -

Iar 250
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- ‘an a.hphatlc cham (see Table 2) PMR data. for gennacyc.obutanes and for some of theu{_-
.3 reactlon products are compiled i Table 3. a e
: Some physwal propertles of v various germacyclobutanes are summanzed in Table 4

B.r Digennacyclabutanes and germasilacycldbittane’s :

The work on the chermstry of these compounds is very. lumted and has been carned
-out since 1969. Mironov and Gar [35, 36] reported the first successful synthesis of .
'_fl 1,3,3- tetramethyl 1,3-digermacyclobutane and 1,1,3,3- tetramethyl-1-sila-3-germacyclo-
bufane accordmg to the reaction scheme:

. Et,0
! 5 ~ Me,MCH,CI -
Mezl\lACH2¢l + ' PhMgBr 2 h.refiux aMCH,
MglELO
, Cl
Me - 1
Me ,MCH, GeCH,Cl MepGeCH, Cl Me,MCH,MgCl
- e ——
€2t M2 2 Et,0;90° for 10h 2"~ T2d
Ph Me Ph
- BryinCCl, = {M = Si, Ge)
Me
L Mg, Et,0 VAN
- Me,M GeMe
Me2|\|4»C.H2?eCH2CI . 20 h,reflux 2 N\ 2
 Br "Me E (50-60 %)

A convenient ptocedure (from the point of the availability of starting materials) for the
preparation of 1,1,3,3.-tetramethyl-1-sila-3-germacyclobutane [37] is to add bis(chloro-
methyl)dimethylsilane to a well-stirred mixture of dimethyldichlorogermane and high
purity magnesium in tetrahydrofuran

. . 20°% THF VN :
Me,Si(CH,ClY, + 2Mg + MepGeCl, ———= Me,Si_ GeMe, + 2MgCl,
' - ‘ N

(21°%)

Both the heterocycles (d‘-scnbed above) polymerize [36] readlly at about 120° with
openmg of the rmg

'MeZSx GeMe __he_‘aL__t polymer

- (mol. wt. 2920)

.but the 1 3-d1getma denvatlve is resistant to vapour phase pyroiysis at 400—600 [34]
Vanous physxcal data for these compounds are glven in Table S.
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TABLES . ‘
PROPERTIES OF DIGERMA AND GERMASILA—CYCLOBUTANE
Compound o Bp.  np a2 Otherdata  References
¢ C/mm) reported

. ) a ’ - .
Mez(iue\/GeMe2 65/48 1.4875 1.2929 IR, NMR 35,36,33
Me Ge/\S;Me : 57/60  1.4665 1.0468 IR, NMR?,  3536,37,38.

2 2 :
A4 mass spectrum

a a (in CClq) 0.42 (s, Me), 0.64 (s, CH,).
b5 (in CCly) 0.16 G, MeZSI), 0.40 (s, Me,Ge), 0.225 (s, CHy).

C. Germacyclopentanes and germacycloheﬁcanes

1. Preparation

Schwarz and Reinhardt reported the first preparation of a germacyclohexane deriv-
ative [39] using the reaction sequence:

Et,0 , , , :
GeCl, + BrMg(CH,) MgBr —2" = ci,Ge ) + MgCL, + MgBr,

A re-investigation of the above reaction by Mazerolles showed it to give a number of
products [40], dichlorogermacyclohexane being one of them:

1,0 i > < ; < >
GeCl, + BrmMg(CH,xMgbBr —Ei—a CLGe + Mgbr, + G?

+ MgCl,

uiy + unreacted GeCl,
+ Cl3Ge(CH,) GeCly
GeH, + HGe y + { ¢
—/

(gaseous) (b.p. 119°C)  (b.p. 109°C/17 mm)

Reduction of the reaction mixture w1th lithium aluminium hydride gave more volatﬂe
hydrogermanes (without affecting the spiran) which could then be separated by dlstll-
lation. The procedure has been extended to the synthesis of a number of germacyclo-
pentanes [21,41, 42] and -hexanes [21 43}:

‘RyGeX, + Bng(CHz)hMgBr —_— RZGE(CHQ) + 'MgBré"d-" ng2
{R=Cl, Me, Et, Ph; X=C|,Br;n=4,5)
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'4 " Q(CH )MQBI‘ = ClzGe . o+ MgBr + MgCl Sl
2 PhtLi (o] : >
[*'Etz—‘ thGe + 2LIC|.A

The solvent used for these reactions has been found to affect the ylelds [21]

- The germacyclanes obtained by the ring closure reactions mentioned above have been
‘used as startmg materials to synthesme a variety of other hydro-, halogeno- or alkyl- and
aryl-substituted germacyclanes Thus diphenylgermacyclopentane could be converted into
the dlhydro derivative [21] via the reaction scheme: :

thGe l + 2Br, ———= BrGe l.v+vzpn5r-

(8Q %)

L|AlH4, Et2O : Hzee/‘ l

(90°%.)

f,The_se hydrogermacyclanes undergo a variety of halogen exchange reactions thereby '
yielding halogermacyclanes [21, 40]. Some of these reactions are summarized in Chart 6.

o HgCl e ‘ :
- Tee l -2 4 ee I —Bul e l + BuH
~ H , i : .

(77 %) (74 %)

+ Hg + HCI S I
o .)/502“:‘2 \
' ' , R ,

B _ Dy _ |

(90°lo) R : - ’ - (80 %) .
> BuBr — Br,Ge )  —————= N,E,OH ) < GeO- ,———-—2 HI -
N 1K S B nooc
2Agl | CI'G :
refluxlng heptane 10h N < o
, ' (91%)

Chart 6 Some rmctxons of hydrogermacyclanes
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Dxphenylgennacyclopentane [21 40, 41] and dlchlorogermacyclohexane [40 44 45].
undergo a variety. of reactions with ring retention'and thus are used as excellent startmg
‘materials in synthesxzmg a w-de range of germacyclanes. Vanous reactions are compﬂed
in Chart 7. . ~ _—— - .

Various other routes to germacyclopentane denvatwes include: ring expansxon reac- .
tions [3210of germacyclobutanes, catalytic hydrogenation [46—48] of gem\acyclopen-
tenes, and the addition reactions {49—52] of dlorganogermylenes (RzGe )to oleﬁns (see
Chart 8).

Br,, £ Ph Ph. /7
Phe | ——2=iBr_ Sce _EtmgBr PP/
o Br et~

(90 %) (87 %)
28r, «
foll d : - °
foltowe - {en,=cHcH MgBr i;’) 22:2;004 .
LiAlH, ~HC=CMgBr
. Ph Et
HyGe l Sce I Sce
CHy=CHCHJ HC=C
(90 %) (82%)
Cl3CCOOH

Cl,CHCOOH

] >
/Ge
Cla HCCOO Ci;CCQO .

(88%)

PhMgBr -
Cl,Ge Ph,Ge -
2 < > Et,O, reflux 2< > + MgBr, + MgCl,

tertiar )
St Y\ Me;COOH

(Me;COO)LGe )

»C.hart 1. Synthesis of §6me ‘germécyclopentane and germacycloheiine derivatives.
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NG ‘ L »Cs_Heiy. 3 et ,
B G

Ct Cl
o ' SRR ‘ (35%)
o S NifHy
R,Ge - [ SN :
I
IR . (50-100%)
(R=Me,Et, Bu, Ph)
- THF
‘Me,GeCly; + Li H x: [Me,Ge: ]

2 CHyCgH,CH=CH,

CH3CSH4T—j—-C6H4CH3 + polymer

/Ge
Me” T“Me
, (43 %)
Chart 8. Synthesis of some germacyclopentanes.
R’ R
. B2H6 H202 .
R e —— -~
: R"‘Ge: l THF; o° 2© NaOH RoGe
R2 R?
B : OH
/ -
~ (70-90%)
8", Et,0| P-NO,CgH,4COzH
- . ‘ R
A ST~ (1) LiAlH4 / T~on
ReGe O om0 o RS
\“4 o ~R?
(85-90%) (80-90%)

- # P=NO,CeH COOH
‘(R Me,Et; R'=R°=H; R'= Me,R?=H; R1~R2 Me)

Chart 9 Synthesxs of germacyclopemanols
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Deuterated germacyclopentanes containing Ge—D or C—D bonds have been prepared
for mass spectroscoplc investigations, by the following reactions [53 54]: :

I,Ge ! +  LiAID, w———e D,Ge l ' + Allz + LiI

D, /Pt HBr
2 o  OHCH,CD,CD,CH,O0H —————a

CoHgOCO~C=C—COO0C,H, LiAtH,; Et,O .
_ CH,—CD.
ar ) Mgi E0 Ph\cae/CH2 Cloz Bra Br\Ge/ ‘1
BrCH,CD,CD,CH B . : VAN
(2) Pnh,GeBr, pr” NCH,—CD, Br CHy~CDy

Hydroboration [55, 56] and epoxydation of germacyclopentenes followed by reduc-
tion, has been used to synthesize germacyclopentanols in high yields (Chart 9).

2. Properties and reactions

The various reactions in the section on preparative routes to dlorganogermacyclopen-
tanes show that the ring systems possess great stability. The ring resists many reagents
(in contrast to the germacyclobutane ring) e .g. water, oxygen, lithium aluminum hydride, -
alkyl halides, hydrogen halides but, under more drastic conditions, the ring opening does -
take place {21, 40]. Some of these reactions are compiled in Chart 10. Dlethylgcrmacy-
clohexane reacted with concentrated sulfuric acid only above 30—40°C. »

In a short communication catalytic dehydrogenation [57] of diorganogerma- and
diorganosila-cyclopentanes in the presence of Pt/C (10%) or Al/Cr/K (84/14/2) catalyst
has been reported to yield unsaturated derivatives:

Ph Ph Ph Ph Ph——"=}pPn Ph Ph.
catalyst ~
M oot ™ M M + M

Me” Me 600° C Me” “Me Me” “Me Me” “Me
(M =Si,Ge) }
Seyferth and coworkers found the insertion of phenyl(bromodichloromethyl)mercury-
derived dichlorocarbene to occur at the §-C—~H bond of diethylgermacyclohexane [58].
Pyrolysis of the insertion product resulted in germyl-substituted chlorocyclopropane.

/ AlBr
Et,Ge | + Br, —2—f s Et,GeBr, + C,Hg
EtBr
Br,
cold coné. no reaction
H2504
' HBr EtMgBr .
Et GeBu -—K-Qi—— (EtzeeBu)O e Etz(ISeBr B LAV “Et;GeBu
O =SOgH . _ ._ Bu _

Chart 10. Rma opening reacuons of germacyclopemanm
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" 2007

E.t;Gé' T) 4 rcc e _Efsze:V > —<n ™ B Et Ce(CH ) CH '
' L CClH L : : Ct
(71%) - " (mixture of cis and

trans isomers ) -

THF|Li + t-BUOH -

Etaee >
o Me
(68 %)

Dihydrogermacyclanes are liquids which could be distilled without decomposition.
They should be stored in an inert atmosphere because of their high sensitivity towards
oxygen [40]. Whereas dlhydrogermacyclopentane oxidises rapidly in contact with air,"
the oxidation of dlhydrogermacyclohexane takes place in several stages (see Chart 11).
onrganogermacycbpentanolc are liquids whxch could be distilled under reduced pressure
without decomposition. They are easily cleaved by protonic acids to give linear olefinic
denv_aqves [59]:

! o
Et,Ge | 4  HX ——a EtaclaeCHec:H-c=CH'2 + HyO

o 1 2
quﬁ . X R R

(R'=R%=H, Me; R'=Me, R"’_H X=F,Cl,Br, I, CH;CO0O0, C12CHCOO CICH2COO)

3H,Ge l+ 30, — = ‘ GeO + 3H0

3

HGe Y+ 2o, —= ( el —F= ( Gl Tce )
N — ' SoH R YN

: ?——Ge-—o

R |
C ke X
T O—~—Ge—O

Cliart'11. Oxidation of diydrogérmacyclanes. = j Q



339

R

e L © RaneyNi- - L
Et,Ge R, L2 AL : .+ [Et,GeCH,CHCOMEe],0O
2 : l T150-180° Et.G¢ l 7 L A el:0.
“Son ~ (R=H,Me)- Me R o
' o - (70-80%%) ‘
(R=H,Me)
" LIAIH,) | Cu,Ni
Etz(lSe(CHa)z(l:HMe Etz?eCHZC‘iHCHOHMe
Br OCOMe H R
(R=H, Me)
Ho /Ni
R
Et.Ge |
OH K

(R=H)

Et,Ge _Mel _  etce l
oK OMe

(24 °b)

Chart 12. Some reactions of germacyclopentanols and l-oxa-2-germacyclopentanes.

The rearrangement of germacyclopentanols [60] in the presence of Raney nickel to give
1-oxa-2-germacyclopentanes, as well as some reactions [61] of the latter compo_unds are
given in Chart 12.

A mechanism involving the 1ntenned1ate formation of a germacyclopenta -3-one, -
R

Et,Ge l has been proposed [60] .
O

3. Spectroscopy . 7
Bajer and Post mvestlgated the mfrated spectra [43] of sxx-membered heterocychc 7

systems pth >_ (M C Si, Ge Sn,Pb) ' mthe regxon 4000—650 em™

and observed that in addmon to the characteristic metal—phenyl absorptlons between :
1125-1050 cm™! there occurred a series of three absorption bands at 2650, 990-965

and 910 cm™! (see Table 6). The' five-membered heterocycles [64] showed a pamcularly
characteristic palr of bands at apprommately 1080 and 1025 cm'l oo
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o TABLE 6
- INFRARED ABSORPTION DATA [431 FOR S[X-MEMBERED HETEROCYCLIC SYSTEMS:
thM (C Hz)s .

M . ) I v (cm™})

C- : 2640 w9 - 305 m
Si - 2640 w 987 s 908 s
Ge 2640 w " 987s 913s
Sn 2640 w . 970 s 907 s
Pb : : 2650 w 965 s 909 s

" 2w, weak; m, medium, s, strong.

TABLE 7
IR DATA FCR SOME GERMACYCLOPENTANE AND GERMACYCLOHEXANE DERIVATIVES .

Compound - V R, IR absorption (cm ') | References
’ (liquid film)

(CH\224/G‘3R2 7 H, v(GeH) 2052s 21,40,65
: H,Cl v{(GeH) 2081 21
H, Pr v(GeH) 2023 21
- H, Ph v (GeH) 2035s 40,65
‘(CH/)\GER H (GeH) 2044 40,65
v(Ge s X
EGS 2 , ,
"H, Ph 7 v(GeH) '2023s " 40,65

v (GeOC) 10435, 680 60

The microwave spectrum [62] of germacyclopentane indicated the molecule to be
permanently twisted into a G, conformation with a twist angle of 18°.
“The infrared (gaseous state, 4000—250 cm™) and Raman (liquid state) spectrum of
' germacyclopentane and 1 ,1-dideutero-1-germacyclopentane have been reported. The large
number of polarized Raman lines is conclusive evidence that the molecule (germacyclo-
pentane) is not planar and the data are consistent with the twisted C, molecular structure.
The 39 fundamental modes of vibration have been assigned for both the compounds [63].
" The infrared absorptxon bands reported for various germacyclopentann and germacy-
clohexane derivatives are summarized in Table 7. : : .
_ PMR spectroscopy has been used in the study of various- reacnons of germacyclanes
and in elucndatmg the structure of the products obtamed [60 61] Some PMR data for
vanous germacyclanes are. glven in Table 8- SR A
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TABLE 8
PMR DATA FOR GERMACYCLANES 7
Compound -~ ' PMR data? (ppm) ~ References
ceEt, 5 (CCl,H) 5.71 (doublet) 58
J 3.0Hz I
CClLH o
Hg 5H, 3.5-4.5D , =
~H, sHcand Hg 0.7-2.2 ‘ 60,61
Et,Ge sHp 1.25 o ,
\O Hp : & (Etand CH; on Ge) 0.8—-1.0
Ha . A
Ha

/ ct 5 (H, and Hp) 2.13 (multiplet) 85
\ Cl '
Hp

@ TMS as the standard.  C4Dg as the solvent.

Mass spectral data [53, 54] for a number of substituted germacyclopentane derivatives
‘and their deuterated analogues have been reported. These spectra are remarkable for the
presence of abundant ions which resuit from fission of one, two, three or occasionally
four bonds to the germanium atom with charge retention on the metal-containing species

_in each instance. Loss of ethylene in these derivatives always is accomplished by elimi-
nation of C(2) and C(3):

D D

D[ ] b -CHp=CDjp D: /- M
Ge - Ge\

H/ ~Bu D Bu

Some properties of germacyclopentane and germacyclohexane derivatives are sum-
marized in Tables 9 and 10 respectively.

D. Digermacyclanes, germasilacyclanes and germastannacyclanes

1. Preparation
Mazerolles et al. [66] observed that the action of diethylmercury on'1 ,3-bis(diethyl-
germyi)propane leads to a mercury derlvatlve which by pyrolysis, glves a cyclic compound

(connnued on p 349)
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. 2349,
with two adjzacent intracyclic germanium atoms:

- 3h reflux

Et;GeH + Et,GeCH,CH==CH, :
i ! i - ABIBN -
Ph Ph : a
'  LiAlHg | -2 CoHe
E ——e e —————e e
t2Ge(CH,) GeEt, —z— Etz0e(CHp) GeEt, — =2
Br Br H H
(92 %) (80 %)
Hg

Et,Ge” G heat’
2 PeEty  _heat | g + Ety,Ge-— GeEt,

(75 °l)

The digermacyclohexane derivative (in 57% y1€1d) is obtained in the same manner from
1,4-bis(diethylgermvl)butane.

The synthesis of digermacyclohexanes has also been accomphshed by hydrogenatmg
[67] the corresponding cyclenic derivatives:

Pee—=X H2
Me,Ge GeMe, Raney Ni

/N
MeaGL GeMe,

The thermal reactions of 1,1-dimethyl-1-germacyclobutane [34] have been carried out in
static or pulsed flow systems at temperatures of 400—450° and 550—600° (see under
Properties of germacyclobutanes). At a contact time of 12 sec and a temperature of 590°-
the conversion of 1,1-dimethyl-l-germacyclobutane in the pulsed system was 80% and the
yield of 1,1,2,2,-tetramethyl-1 2-dlgennacyclopentane was 38%:

2 Me,G [ GeMee CaHg #Ca te
e,Ge —_— - S+ + etc.
2 GeMe2 ate T t2ba c
The product is probably formed by the insertion of the intermediate dlmethylgermylene
into the Ge—C bond of the four-membered ring: :
(|BeMe2
. [ GéMe2

Me,Ge : + Me2GO

Henry and Noltes accomphshed the first synthesis of a 1-germa-4-stannacyclohexane
derivative [68] via the condensation of dxphenyldlstannane and dlphenvmmnylgermane
Similar condensanon {401 of dibutyldigermane and dxethyldwmylgermane gave a:l 4- '
’ -dlgennacyclohexane denvat_we- The reactions are glven in Chart 13. :
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PhySnH, _-lf_.Ph26e(CH §CH2)2 —TZ—F]—-— Ph,Ge SnPh, + polymeric matgrial
- o - (177“‘10)
r‘eﬂux 2h

Et,Ge(CH=CH,), + Bu,GeH, — Et,Ge  GeBu, + polymer
R e A benzoyl peroxide N/
C(17%)

Chart 13. Synthesis of some 'digenﬁzicyclohéxane derivatives.

: Fihally,v a good route to these compohnds Astarting from chloro (chloromeﬂlYl)dimeﬂlyl-
germane has been reported [36, 69]:

s LiAlH, Sy HoPtClg
GeCH,Cl ——— = ~
Me; GeCH, : - Me,GeCH,Cl e Sich =€)
s A ct
i t\lAe / N
[ Mg /Et0O .
_ N4 Mo.G :
CICHZ('Ee(CHa)ZlSICL refiux 13 h Mey § SiMe,
Me Me- (52 %)

2. Properties and reactions

Both 1,1,2,2-tetracthyl-1,2-digermacyclopentane and 1,1,2,2-tetraethyl-1,2-digerma-
cyclohexane are colourless liquids which can be distilled under reduced-pressure without
decomposition. The cyclopentane derivative oxidises slowly at room temperature, and
rapidly at 150° giving a mixture of cyclic oxide and linear polymers [66] . The addition
of sulfur and selenium also leads to ring expansion thus yielding a sulfur- or selenium- .
containing six-membered ring [66] (Chart 14). The analogous digermacyclohexane deriv-
ative is inore stable and reacts not at all or very slowly with oxygen, sulfur and selenium
under similar reaction conditions. '

The reaction of these compounds with bromine (at —80°, without any catalyst)

results in ring-opening at the Ge—Ge bond.

‘ B[2

Et,Ge — GeEt, ~—pes—  EtaGe(CHy)p GeEt; -

- ) - 7 o (n'= 3:4)
(CHy),/ Br _Br
The ease of cleavage [66] 1sm the order:

E{EGe‘_f;'Geét"e; : > Et2Ge-—GeEt2 >> ' Et3Ge GeEt

:chhlorocarbene derived from phenylbromodlchloromethylmercury has been reported toi'_
~ insert into ﬁ-C—I—l bonds ofa nurnber of tetraalkylgermanes of the tnmethylene bridge of .
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Et.Ge——GeEt, ————e 5 Gel B ol
=2 R 2 71509_‘ O/,G-?F.Et?‘_ polymers’

o \_S; 160°,
3007|Se - N 15 min
Et,Ge__ _GeEt, . EtGe_ _GeEt,
Se S
(50 %) - (8O %)

Chart 14. Some reactions of l,1,2,2—tetraéthyl~l,2—diger'macyclop'entane.

Et,Ge ' Se— ’
2 l :CCla o Etzb? N ceLH 20 min, 145°
, refluxing benzene - Et Ge- 2 ‘

Et,Ge
(64 %)
Et,Ge —CH,— heat Et,Ge—GeEt, + CHy=CH~CH=CH,
2y 2 2] ot ~he= L =0T
Et,GeCl o Ci cCi
Et,Ge” N 1 CClg o Et,Ge CClH
Etze‘e refluxing benzene EtZGIe . :
: ’ B (85%)
BusSnH, ABIBN catalyst,90° ,
’ '2nh{200° ‘
Et,Ge "~ Me - £t o
I Et,Ge — Ge(CH
EtGe ' 211 22 ,
Cl Et

Ct
(mixture of cis and trans isomers)

Chart 15. Some reactlons of 1 2-dxgennacyclanes

1,1,2 2-tetraethyl-1 2 ngermacyclopentane and of the tetramethylene bndge of 1 21 2 2-
tetraethyl-l 2-d1germacyclohexane Pyrolysxs of these insertion products tesulted in -
. y-elimination of Ge—Cl to give germyl-substituted chlorocyclopropanes The reactlons
[58] are summanzed in Chart 15.
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3 Spectroscopy E

--Nametkin etal. mvestlgated the mfrared and Raman spectrum of 1,1,2 2-tetramethy1-
1 ;2- dxgermacyclopentane [34] . The intense infrared bands at 920, 1010 and 1075.cm™
have been assigned to deformation v1bratlon of C—H bonds of the methylene groups in
the ﬁve-membered ring. The Raman band at 285 cm™! has been assigned to Ge—Ge
stretchmg The proton magnetic resonance spectrum [34] is similar to that of the corre-
spondng disila compound [70].

The spectroscopic data and some properties of these derivatives are given in Tables 11
and 12, respectively.

E. Miscellaneous gennacycloalkanes

The method using dimagnesium compounds which has been successfully employed for
the synthesis of germacyclopentanes and germacyclohexanes when applied to the prepa-
ration of medium or large ring systems [8] showed a considerable decrease in the yields

e.g - o
Et —GerBr + BrMg(CH,) MgBr _E%C Et,G + 2 MgB
2 2 9 2’g™MeBr - 28, gBrp

(10 %)

Mazerolles and coworkers investigated the problem and accomplished the synthesis of a
number of germamacrocyclic compounds [72—74] by the following methods: (i) the
action of sodium on w-dibromo derivatives of the type R,Ge[(CH;)4Br]; in various '
solvents; (ii) the pyrolysis of thorium salts of the type, [R,Ge{(CH,),,(COO)},],Th and
(iii) the condensation of diesters of the type, R,Ge[(CH,),,COOELt] ,. The reactions used
to prepare the products and their conversion into germamacrocyclic derivatives are given
in Chart 16. The reactions of the germaacyloins obtained have been used to synthesize

‘a variety of other germamacrocychc compounds. Some of these reactions are summarized
in Chart 17.

These germamacrocyclic compounds have been clalmed to be useful as perfumes [74].
Spectroscopic techniques (IR, NMR and MS) have been used to confirm the structures
of germaacyloins and related derivatives [72]. Some infrared data and the properties of
these derivatives are given in Tables 13 and 14 respectively.

F. Gennacycloperitenes

1. Pu varatzon : ' S
Mironov and Gar studned the reactions of tnchlorogermane with butadiene and
observed [75——77] the presence ofa linear and a cyclic product in the reaction mlxture

H2C=CH—:CH£CH2'+.—'HGeCl3"—-—_-50’ iClaGeCH2CH=CHMe '+'c12ee‘ ll ———————-MeMgC'
MeaGeCHZCH CHMe + MezGe "

(15 %) (45%)
{continued on p. 356,
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Et,GeBr, + '2cng(CH2')4oQ e - EtzGe[(CHz)AOQ]Zﬁ- MgBr; +MgCl2 S

HF’O,230°: ) P o
—_—3 R T EtGef(cHy0H], + 2 O _ 487 HBr, 4n

(77 %) - O

Et,Ge[(CH,),Brl, + 21,0 2 Na —e  Et Ge/\(éH ), + 2NaBr + polyn;\er; )
2 247 J2 2 xylene 10 h reflux 2V __ 28 o .

(72°0) - ’ o . (21°%6)

EtOH KOH
Et,Ge[(CH,),Br], + KCN ———= Et,Gel(CH,)LCN], Tl

thorium nitrate : 400°
Et,6e[(CH),CO0H], — -0 [Et,Ge{(CH, (COO},LTh
(64°b) :
(CH
2°4
2Et, Ge Ncoo + Tho, + 2CO,
N(CHy), -
(10 %)
cion (CH,), COOEL an
t a
Et,Ge[(CH,),COOH], . g5 Ete Ge — 2
Feva N (CH,),COOE®
(CH,),C—ONa _(CH,),CHOH
s 2%a ‘ H3COOH 24
Et,Ge " + 2EtONa —22H3 — EtZGe
(CH,),C—~O—Na MCH,C=0
(60 %)
Chart 16. Synthesis of germamacrocyclic derivatives. . ‘
(CH),~CHOH : ,(CH,) —C =0
s/ + 2(CH3C00),C
Et Ge : 3 )2Cu - EtZGe
NCHy),~C=0 : ‘ N (CH,),-C=0
(76%) :
Zn + HCL Zn + HCl . : D L
. » LiAlH
75-80° reflux i . 4
(CH),~CH, (CH,),—CH, ; (CHa) CHOH
EtzGe | : EtaGe | EtzGe K
(CH2) ~-C=0 - (CH ),—CHy - (CH2)4—CVHOH

. (73 o)
Chart 17. Some reactions of germaacyloins.
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:'TABLE TR : ’ ' :
“SPECTROSCOPIC DA’I‘A FOR DIGERM ACYCLANES GERMASILACYCLANES AND THEIR
REACTION PRODUCI'S o

‘Compound e - IR absorptlons Rt 'PMR” data . - R References
MezGe GeMeZ 1075,'1'(_)10 and 920  5(Me—Ge) 0.25 ppm - 34
' - (deformation vibra- - (singlet) :
tions.of C—H bonds 5(a-CH;) 0.80 ppm
of the CH, groups in (triplet) )
the ring, Raman band 8(5-CH2) . 1.65 ppm
at 285 (Ge—Ge - (multiplet) '
stretching)
| Et;Ge "GeEt, . . . 5(CCl,H) 5.88 ppm? 58 .
’ - : : (doublet) ’
J 4.0Hz
CClZH
5(CCl,H) 5.85 ppm? 58
{doublet) .
J 28Hz
- RN S ' ‘ §(CHy) 0.39 ppm € 36
MeZGe/'\SiMeZ . s(MeSi) 0.02 ppm)singlets
l ; ' . . 5(MeGe) 0.20 ppm
‘ : y -~ &§(CH2—CHj,) 0.6-0.8 ppm
’ (multiplet)
N
MeZGe : SnMe A 8(Ge—CH,—Si) —0.2 ppm 36
l\/.' ~8(MeSi) 0.0 ppm smglets )
- T ) 5§(MeGe) 0.15 ppm S
- o - §(CH3—CH2—CH,) 0.6—1.8 ppm
{mutitipiet)
S :
EtCe. 7 GeEty v (Ge—-0-Ge) 316 . . o ..66
«Etsz':" - GeEtz »(Ge-0-Ge) 820 - - 7T P 86

@ Operating frequency 60 MHz; TMS as the internal standard. 5 as neat iiﬁnids.‘ €InCClg. A L "'



. 3557

TABLE 12 , , S .
SOME PROPERTIES OF DIGERMACYCLANES GERMASILACYCLANES AND GERMASTAN— o
NACYCLANES :
Compound R B.p. (°C/mm) ng’ a2e Other.. Refer; _
or m.p. {°Cy data - . ences
o reported
R,Ge——GeRj Me 1.5105 12743 IR,NMR, 34
: mass spec- )
trum _' B
Et  128/15 1.5159  1.2088 58,66
Et,Ge “GeEt, NMR 58
CCiH
————— 25
ErGe GeEt, npy 1.5071 §s
Me
Et,Ge—GeEt, H 112/25 1.5159 1.1974 58,66
NMR 58
VnD 1.5080 - 58
R -
/T N\ Me  70-72/12  1.4861 61,71
RpGe  GeRp Bu  120-122/0.7 14932 1.1198 a0
Br Br
> ~ f\ : 145149 n

3 - {eonrinaedy
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TABLE 12 (ccntmued\ ch

Compound SR R B.p. (°C/mm) n) a2 Other  Refer
O PO Jorm.p. (°C).:, - s . . - data. ' encesl-
Lo ’ reported .~ -

264-265 . - 71

78/51 1.4652  1.0439 IR,NMR 36,69
MeSL ) _ 57/10 14714 1.0477 NMR 36
GeMe, :
PhzSn . GePh, 124-125 IR, NMR 68,118,
S N . - 119

The overall yield of the cyclic compound seems to depend upon the experimental con-
-ditions and in some runs about 90% of it was isolated [76] . The formation of the cyclic
product has been explained in terms of 1,4-addition of germanium dichloride formed as:

HGeCl; == H"GeCl3 == GeCl, + HCl

Isopréne reacted analogously but piperylene gave exclusively the linear adduct [77]:

. ' ] oL Me

HpC=C—CH=CH, + HGeCly — = ClaGeCH~C =CHMe + Cl,Ge l -
e Ve | Cl

Ttis mterestmg to note that the corresponding addition of tnchlorosﬂane to butad;ene
and other con]ugated dienes occurs exclusively by 1,4-addition [78} and tequltes acatalyst:

' Hz C=CH—CH—CH2 + HS:C13—/—C-> CH; CH—CHCH, SlCl3



TABLE 13 ... : .
IR DATA FOR GERMAMACROCYCLIC COMPOUNDS [72]
Compound - o ) —:. v(C—O) (ci hoooo
Et,Ge =0 1700
(CHj)q V
/(CH2)4C— ' - © 17209
Et;)GE\

(CH),CHOH

(CH2)4C=0 1700

N

EtzGe
(CH;),C=0

(CH2)4CH, 1720
Et,Ge

N/

(CH32)4C=0

2, (OH) 3500 cm .

Nefedov and coworkers found trichlorogermane dietherate to act as a gbod source of
germanium dichloride. With butadiene it gave a germacyclopentene derivative in high
yield {79—81]: '
M,C=CH-CH=CH, + HGeCly2Et,0 -2~ [—CH,CH=CHCH,GeClp—], + .ClzGﬂ' '

(10-30%) . (65-90%)
The authors suggested the following mechanism for the reaction [79, 80] :

. HpC=CH—CH =CHjy
HGeCly-2Et,0 === [GeCl,] + 2Et,0-HCl 2 — Zom—

S+ 8+
HZC CH CH=CH, | |
/ \ o
Cit Cli : ) R ‘/Ge\
The analogous addition of tribromogermane to butadiene has been reported to give a
mixture of linear and cyclic products with the linear denvatwe predommatmg [82 83]

CEL0

H'aC=,CH—C‘T‘ -_-_-‘CHZ + e_,r3G¢H ———-— _BrgGe_CHch’—:C‘T'Me * ?’FZG% “ MeMch

Me,GeCH,CH=CHMe . + Me,Gée - "

(70%) - (30°%)
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TABLE 14 :

'PROPERTIES OF. MISCELLANEOUS GERMACYCLOALKANES

.20

Compounds - . R ‘B.p. °Cfmm) "D a2 ‘References
: o or m.p. (°C) ’
(CHpgGeRy~ Bt 101.5/16 1.4814 1.0641 8
) H 149-150/760 1.4938 1.1694 8
[(CH2)¢ GeOl, 140 8
X /(CH2)4
Et,GE =0 116-117/0.6 1.5008 1.0628 72
CH2)4
(CHa)s
N
Et,Ge =0 123/1.1 1.5005 1.1096 72
(CH2)4
(CH32)4C=0
Et,Ge 7 105/0.1 1.4983 1.1521 72
N (CH2)9C=O
/(CH2)5C—
Et,Gé . 140/1 1.4957 1.1188 73
N(CHy)at=0
/(CH2)4CHOH
EtaGe 152/C.6 1.5084 1.1644 - 72
\(CH2)4C =0 .
/(CH-a)eCHOH
Et2G¢ 190-195/1.5 8,73
\(CHmC-
(CH2)4CHOH i
/
EtzG\_' : - 1.5148 1.1529 72
(CH2)4CH0HI ’ ’ :
.gtz(;e(cnz)r,‘,; e 135/0.045 14918  1.0104 873
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. The addition of germamum([l) iodide to-isoprene, butadlene and 2 3-d1methylbutad1ene
ylelds duodogermacvclopentenes [47,48]: o R

- Ho,C = <|: CH=CH, _Me.
T Me | . 5 G/ o
HaC =CH—CH=CHy"
n 1 100° o /
Gel, 100° heptane - 1,66 l
H2C =C-C=Ch, _Me
Me Me o I G/e l
- 2
p—
) ~Me

On the other hand no reactlon occurred with pxperylene l-phenylbutadxene or tetra—
phenylbutadiene. '

The diiodocyclopentenes obtained as above undergo a variety of reactions [48] e.g.

reduction, alkylation or arylation and halogen exchange thus providing various other- gcr-
macyclopentene derivatives (Chart 18).

Recently Satgé and coworkers have shown the ccndensation of germamum(ll) mter—

Me Me
/:I Et,0 < “
G + LiAlH - H,Ge.
I.Ge l 181 3h reflux 2
' (50 %)
1
_R : , _R!
heptane
1,Ge | + 2AgX = = X,Ge
eflux
\——\Rz ) ) \——\Ra
' ~ (80-70%)
(X=ClL,Br; R'=R°=H; R'=R°=Me; R =Me, R°=H)
_R’ _R'.
I1,Ge .+ 2RMgBr - - R,Ge
b'—\R2 ’ ’ o - .\R2~ 3 ’
' - (60-90%) -

(R1=H, Me'y RZ"—'H:Me; R:Mé, Et- Bu, Ph)

Chart 1,87 Sy_xithesis of some éermécyclopentene derivatives.



. mediates mth 1 3 dxenes to-bea convement and h]gh yleld method of synthesxzmg germa-
'cyclopentene denvanves [84]: ' : - o

Bt _H heat’ - Bt o -
o Be ——— . _Ge: + MeOH
Cl '~ OMe. Cit :
1207 17 o V
sealed R R o
tube ‘ ng Et R
- _Ge |
Cl g1
: g2
[a."R'='Me and R'=R%=H; b,R=R'=H and R?=Me] (90°%)

2 Propernes and reactions

Diiodogermacyclopentenes have been found to be thermally unstable and only the
butadiene derivative could be distilled under vacuum without decomposition. The poly-
merization of dichlorogermacyclopentene by lithium in tetrahydrofuran or on boiling the
compound at 100—120Q° has been reported [46]. '

It has been shown (48] that hydrogen halides cleave one intracyclic Ge—C bond of
diethylgermacyclopentene giving a diethylhalobutenyl derivative with terminal double
bond, whereas halogens sunultaneously cleave both the mtracychc Ge—C bonds yielding
diethyldihalogermane: :

HX
= Et;0eCH,CHCH = CHy
: 4
, 7 : (R'=RZ=H; X=Cl,8r)
' rRY .
: - Br, -
Et,Ge - l 8o° Et,GeBr,
/2 ' (R'= R2=Me)
12'
L= Et,Gel

room temp T s .
(R'=R°=Me)

On the other hand, it has been observed that chlorine reacts with dichlorogermacyclo-
pentene [77] and bromine with dibromogermacyclopentenes [8] at the double bond:

. i - E /——'-c1
C!aﬁe - ‘ o+ Cly, ClGe )
S R ’ B ' . Bé‘ o
N _ - . ‘— : /. - ’

—-R' ; . , ' Br
AR=R'=H,Me; R=H, R'=Me) ’ '
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The reaction of dichlorocarbene (generated via CHCl; + Me,COK or PhHgCCl, Br) With"'
1 l-dxeth\-l-l-germa-3 -cyclopentenes has been shown to give 3,3-diethyl-6; 6~dxchloto-3-

germabicyclo [3:1.0lhexanes whxch are not very stable thermally ‘and thus glve a germa—
cyclohexadlene derivative [85] : : :

1 ' R
A — % cc Ct ' _ucr
Et,Ge || ~ ——2= Et,Ge ———
\ : ct
\R2 R2

(R —RZ_H R'=Me, R?=H and R' = R%=Me).

The intermediate adduct could only be isolated as a pure substance when R! = R =H.

Methyl substitution on the germacyclopentene C = C bond tends to decrease the stability
of the dichlorocarbene adduct.

Some other reactions of germacyclopentene derivatives {46, 48, 55, 84] are summarized
in Chart 19.

Ni/H i l
Me,Ge ﬂ “—‘5:’{/65“" Me Ge

(100 %)
/—'—’R R
/ _ B2 Hg
EtzGe O° - EtQGe :
OH and R=R'=Me)
(70%) '
120°| Hy/Ni .
R=R'=H
» ] sealed tube
PR ot
R Cloy
Ci y :
Et,Ge Ci . CCls N
\"“‘\91 Ci cl . ‘ )
(50°%0) . _. _ GeEta
(R =H,Me; R'=t,Me) : Ct cL '

Chart 19. Some reactions of germacyclopentenes.

The reacﬁvity.of‘germacyclopen'tenes appears to be dominated by thé nature of the
substituents both at the double bond and at the metal atom. The reactions are accom--
panied either by ring opemng or by additionto C=C bonds with preservatlon of the
GeC4 rmg system :



; 3 Spectmscopy

~Various spectroscopxc techmques e.g- mfrared [46 48 77 83 84] Raman [46 76 77,

_ 83] NMR 177, '84, 85], UV. [77]-and mass spectroscopy [54] have been used to establish
“the structures of various germacyclopentenes as well as their reaction products Some

spectroscoplc data are glven in Table 15, and some properties of gennacyclopentenes are

summanzed in Table 16.

{contmued on p. 365]

© 10638

84

TABLE 15
SPECTROSCOPIC DATA FOR GERMACYCLOPENTENES
‘Compound - (o 8, O (in CClg) Refer-
- : (cm™ ) ' ' ‘ ' ences
l . GeMe, - -{5.99 (CH=CH); 1.44 (CHz); 0.90 (Me)} 76,77
Me,
\__\'
l . GeHs = 1640 . 20607 48
me’ ‘
X ;
\ '/Et
: el 1620 1.83 1.75 5.66 84
Me/‘_—J b Ci
s
C
\ Et . .
S 1635 20309 175 1.53 5.54 5(GeH) 4.33 84
Me
a
Me
: T\ /,Ei S
. , o Ge, 1650 1.75 1.83 84
: _J Ny /Ei\\C1 : '
Me™ T - B
San ‘
S 1645 ¢ 1727 158 - "5(OMe) 3.35

‘{continued)



TABLE 15 (contmued)

363,

= Refer‘—

Compound v C-'C) 8, 8y - 8¢ (in CCLy) ‘ ‘
cm™) o ' ences
R | B 1640 - 178  2.04 84
L——-’, - Ct-
e b
Me_
I\ e ,
Ge” 1640 20459 1.74 1.82 5(GeH) 4.78 84
Me/——/b \H : '
a
a b
—\ _Et
l Ge” :
/ e 1610 5.88 1.70 2.05 84.
[ =4
Me
a b
T or
| kel
L/, Na 1600 600 201 226 84
Me
@ y(GeH). 2 v (GeOO).
TABLE 16 :
PROPERTIES OF GERMACYCLOPENTENES
Compound "R, B.p. (°C/mm) nf)" a3’ Other data_ References
’ or m.p. (°C) reported :
DﬁeR'2 i, 52/10 1.5223 15762 IR, Raman, - 46,75,76,
) o o : NMR .3:77,80,81 -
' Br, 99.5/20.5 1.5880 * 2.1742 IR, Raman - 82,83 -
L - 77/0.2 ' .55
2 29 _ - S .
T Meg "119/743 1.4712 - 1.1273 IR, Raman, . 46,75,76,
o T : . NMR 7782
‘Et, - 6517 14813 1.1013 - 55,85

' '{cpnﬁm_ted)_’



TABLE16 (continued) -

B.p. (°C/mm) . -

:Comﬁéﬁnd “ Rz v nlz)o, o a2 - - Oth_er’da"ta . References
LelEeT T or m.p. (°C) : . ‘reported t
Cl, 98/34° 1.5128 - 1.4694 . 48
Br, 125/25° 1.5825 2.059 48
I 1.6515  2.319 48 -
H, 117/760 15212 1.2751 48
Me, 139/741 1.4740 1.1041 8
Etp 89/24 1.4805 1.0754 Mass spec- 54,83,85
_' trum o
Et,H 58/16 1.4870 1.1253 IR, NMR- 84
'Et,Cl- 100/15 1.5014 1.2701 IR,NMR 84
Cl, 120/26 1.5178 1.4249 48
I, 32--34 48
H, 142/760 1.5025 1.1765 48
o 190-191 48
Me, 71/27 1.4799 1.0902  Mass spec- 48,54
trum
Et, 102/26 1.4850 1.0625 Mass spec- 48,54,85
trum
‘Buj - 161/36 1.4820 1.0059 48
Phs 142.5/0.25 48
40-41 _
- Et, Q1 116/20 1.5056 1.2414 IR, NMR 84
Et, OMe 92/14 14832 1.1441 IR, NMR " 84
. . Ph,F 124/15 1.5390 IR, NMR 84
- Ph, C1 156/17 1.5610 IR, NMR 84
Ph, Br 174/15 1.5820 IR, NMR 84 .-
Ph, I '80/0.04 - IR, NMR - -84
_ Ph,H 94/1.5 1.5605 - IR, NMR 84
.. Ph, OMe 114/2.0 1.5420 - IR, NMR. 84
N 5 o 112/37 1.4966 1.2442 IR, NMR 84
1.5590 IR, NMR 84

“Ph; Cl~ - ° "114/18
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G. Germacyclopentadz‘enes and germacyclohexadienes

1. Preparatzon .
The reaction between germaruum tetrachlonde or organohalogermanes and 1 4-d111thlo- :

1,2,3,4-tetraphenylbutadiene has been succesfully employed for the synthesis of a number
of germacyclopentadlene derivatives [86, 87] '

‘ Ph
PhaGeClo S
————————  Ph.Ge
==~pn
Pn pPn PE
Et,0 )
2PhC=CPh + 2Li mk—.- F‘hC C C CPh— ) .
shating Li L Ph__(" - pn
(60%) GeCl, == ==
.- — Ge
: S _—
Ph : Ph
Ph Ph
{22%%)

Curtis observed that adding the dilithio reagent tc the chlorides PhGeCl; or GeCl,, rathef
than vice versa, gave chloro-substituted germacycbpentadienes in good yields [88,»89] :

' " Phneh
Ph on
GeCl =
2 e C1,GE
Et,0 .
Ph en PR phph
Pl“ F’lh (70%%) (5%)
Ph—C==C—C==C—Ph —
Li . Li
o PR Ph ph. B PR Ph
e~ S T
Et.O N\ N —
2
Ph PR Ph Fh Ph
Ph . Ph Ph
“7%) S (25%)

The digerma derivative arises from the halogen—me;al exchange sequence:
Ph____Ph: Ph Ph

ct )=
Ge

P + Ph C C C C Ph _—
| | |
L: . LI
P Ph
“Ph Ph
: - -~ 1 Ph . Ph Pn  Ph
coen e e P e T
T e Lol
Ph \}.__. N : . . : = Ph SN

Pn - Ph .. . _ph PR PH  Ph
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: f’I’he chloro-subsututed germacyclopentadxenes undergo certain reactions without nng-

opemncr and thus have been used to synthesize other germacyclopentadlene denvatlves
[89] : :

Ph i S NH4OH X Ph T
\Ge . - ___._._4____’. >Ge
O N » CH2Clp - HOT V==
Ph - Pn ) o : Ph_ Ph
LiAlH,
Ph, " _Ph o Ph____Ph _ Ph Ph
Ph T~ o Buti, THF Ph\Ge Me5SiCt ph\Ge—
H/Ge__ L’ Ve MeySi7 N
_Ph Pn , , Ph Ph Ph Ph

The compo‘uﬁds containing dibenzogermacyclopentadiene [90, 91] and the hetero-
cyclic germanium—indene system [92] have been synthesized by the following reactions:

- 7h reflux

(29 %)

: Bu\ /Ph Bu
' i, hexan = c E I I
Ph-c=c-pn -Dithexane @ L+ SeCla ce” Ph

TMEDA

- Bu
TMEDA = N,N,N, N’ ~ tetramethylethyienediamine - {28 %)

Massey and Cohen studied a number of reactions of 2, 2'-disubstituted octafluorobi- i
phenyls [93—95], some of which have been used to symhes1ze germanium contammg
heterocychc compounds:

Br Br F o
__ Brp; SOy ‘ Q Q Buli, Et,O/hexane
60-75%, Gh ~78°

(62%) A
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PhyGeCly -

F Li Li F
F F F F
(100 %)
GeCla

(48 °;'o }
A direct synthesis of the perfluorogermaspiran has also been reported {96]:

F.
F. F
FI
F I
LI

(=g

Sealed tube
390°

2. Properties and reactions

The germacyclopentadienes described above are sohds with fairly good thermal stability.
Thus bis(octafluoro-2,2'-biphenylyl)germane was recovered almost quantitatively after
heating in an evacuated sealed tube for two and a half days at 400° followed by 4 h at
500° when very slight charring was observed [95] The compound was also slowly cleaved
by halogens [95] (partial reaction):

15; seafed tube

3 days at 230° and
1 day at 340




3@5;,5

On the othér hand the germaf'yclopentadlenes undergo rmg—opemng when allowed to
‘react w1th halogens [97] : S , :
R R

C ! |

" CHCl3 - gl y_c=¢—C=C—R

——-——"X2 '_- -2 } 1 N}
2 X R X

(R and R'= alkyl,aryl,cyano etc.; X=Cl Br; M= Ge,Sn,Pb)

" Hota and Willis investigated Diels—Alder type addition reactions of 1,1-dimethyltetra-
phenylgermacyclopentadxene [98] . The reaction with male1c anhydnde gave the expected
- norbornene adduct‘ : '
Me _Me

™~

Ge__pn

Ph_, - o Ph O
. J\I\——]: ‘ o CgHg; sealed tube
A . + 75° 12 h o]

~ . o Ph Ph

Attempts to prepare 7-germanorbornadiene adducts by similar addition reactions with
acetylenes failed probably because of the instability of the intermediate bicyclic adduct
[98]:

“Pho_____Ph
Ph | - l]:Ph + F,C-C=C—CFy —_—
e
Me” Me

e CFs3
- PhC=CPh + ][ ll

h” Ge_ 'Ph
Me v \Me

’,Analogous reactlons w1th phenylacetylene [52] and dJmethylacetylene dlcarboxylate
[98, 99] have also been reported. Some other reactions [89] of <hloro- substltuted germa~
cyclopentadlene are glven in Chart 20 :
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Ph Ph ‘ Ph : Ph

Ph[l T “ on 4 'c:py5(¢o)xM‘ _ THF _ I—/[ o |
S e STy,
: MeQCO 7 o
‘ [Ph,C, Ge(Ph)]ao h

[M(CO),Cp, =Mn(CO)g; COLCO),; FelCO)—CgHs]

Chart 20. Some reactions of chloro-substituted germole.

3. Spectroscopy -
The electrochemical behaviour and ESR results for compounds of the type:

Ph :Ph

MPh, (where M = Si, Ge, Sn) have been reported [100].

pn’  “Ph
Electrochemical reduction showed well-developed reduction curves near —2.6V irrespec-
tive of the metal. Partial reduction in all cases gave a radical anion of haif-life ~ 1 min.
The germacyclohexadienes could be synthesized via the addition of dichlorocarbene
to germacyclopentenes [85] (see page 361).
Some properties of germacyclopentadienes and germacyclohexadienes are summarized
in Table 17.

H. Digermacyclohexadienes

1. Preparation .

The work of Vol’pin et al. showed that germanium diiodide is capable of adding to the
carbon—carbon triple bond [12--15] to form cyclic compounds which were tentatively -
assigned a three-membered ring structure. Later, the mass spectral investigations by
Johnson and Gohlke [16] and X-ray data {67] have shown these compounds to have the
structure of unsaturated six-membered heterocycles. The reaction, therefore, of germa-
nium diiodide with acetylene and diphenylacetylene may be pictured as [71]:

HC= C? - IzGe‘ Gel, + polymer
130-140°% 12h_ N/
: (44°%)
2 Gel
2 Ph Ph Ph
Y= Ph Ph’
PhC=CPh o 16e Gel, +
_220—230-, 2h )__( . Ph Ph
Ph Ph Ph - -

- (30 %) B T
R (continued on p. 373)
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-TABLEI? : SRS R SR - . . o
_‘PROPERTIES OF GERMACYCLOPENTADIENES GERMACYCLOHEXADIENES AND GERN’A-
CYCLOHEPTADIENES® ,
Compound AP U Ry M.p.°C)or - Otherdata References
: L ST b.p. (°C/mm) | reported
Ly . 197-199 88,89,97
" Hs 1932195 R .88
Me, - 179-181 IR, NMRY -~ 98,99,
: s mass spectrum - 125
Ph, 198-199 " . 88,100,
v v 121
Cl, Ph 210-211 88,89
H, Ph 187188 IRC 88.89
‘Me;Si, Ph' 178-180 IR 88,89 -
Ph, OH 256257 IRd 89
Ph,10" 255-257 IR 89
Ph, Mn(CO)s 144 ‘IR® 89 -
‘Ph, Co(CO)4 . 165 IR 89
Ph, Fe(CO)2C5H5 191-193 . IR 89
. Ph
. Me
RC 2 P
Ge 98
o~ N R4
F3C © - Me
Ph
T — Me
SRR Ge/ 98
S '_‘_._'<~V\Me o
MeOOC~" S
152-153 - 91

(continued)
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TABLE 17 (continued)-

Compound - k S "~ Ry” ’ Mp (°C) or Otherrd_aia. " References -
: . S - : - b.p. (°C/mm) reported : .
o v
Ph_\.__<h : >Ph_#_/Ph
: Ge : 258--260 - . 86,87,89
Ph— —~—pn L
h Ph Ph
P
h Ph o Bh
—_— Ph )—_—_/
y .
Ge —GCe 235-236 89
| —/ Ph \:\
Ph
Ph Ph Ph
Ge : _ 245-246 ' 90
Bu
I Ph ; :
Ge ~ : 92
Ph l ’

139-141 IR - 93,94,95

(conﬁ'ni(ed}



TABLE 17 (contituedy

_7 “M.p.(*C)or

Compound : “ Ry " Otherdata = References
e T N - Co b.p. CC/mm) - reported
230.5-232 IR 94,95,96
76/0.5 IR, NMR 8,85
100/0.7 IR, NMR, 8,85
mzaés spectrum
nZ 1.5211
d3° 1.1878
110-116/0.03 IR, NMR 143
mass spectrum
165-168 IR, NMR 143

mass spectrum

- (continued)
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TABLE 17 (continued)

i('Zom‘pound;’ Ry . Mp. (CO) b{rf - Other data - ;4'Rét_'¢;é_r-_iéé_s ‘
Co R “b.p. (°C/mm)r reported. - R T A

Me
Ge  _pn
Ph
o)
: - : : IR, NMR 98
£h o ‘ ‘
Kol

100 (dec.) IR, NMR, 98,99
- mass spect'rum -

@y (Ge—H) 2060 cm™. ¥ 5 0.67 (s, Me), 6.9 (m, Phy). 2056 cm™*. 5 (GeOH) 670 cm ™. €»(CO)
2008, 2614 cm™! '

These could be transformed to the correspondmg alkyl or aryl derivatives by reactxon w1th
a Grignard reagent:

/N RMgl . /TN
\__/ 2 Et0,CH, P e

(R = Me,Et, Ph)

2. Properties and reactions : :

The high therma!l stability of these derivatives is apparent from the reacnon condmons
under which they are synthesized. - S

The halogenated derivatives [15] are attacked vy sodium hydroxxde and the a.lkyl
derivatives could be hydrogenated over Raney nickel {67, 71]:
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“PR PR R Ph  Ph
AN NaOH == o
X8 GeXy T(HOLGE  Ge(OH),
>_::\/ ] HX > P <
- Ph - Ph : Ph Ph
l -H,0
HX Ph Ph
—0O ):—__< o —
N e
Ge Ge
—o” >._< No—
Ph Ph
(X=ClL,Br,1) n
— H, /N; / \
Me,Ge GaMe, Ezt/ Me,Ge GeMe,

~Bromine adds to the methyl derivative [71] giving dibromide or tetrabromide de-
pending upon the amount used. Both the bromo derivatives undergo $-elimination on

heating to form vinyl compounds:

Br Br
Me,Gé brs G Bry
2 GeMe, o Me,Ge GeMe,
_ ~la R
Br Br
Me
heat i
Me,Ge GeMe2 BrGe —CH=CHBr
Me
ar Br

‘ The dlCthI‘O derivative has been shown to form adducts with cyclopentadxene [7 1},
whereas the methyl or phenyl derivatives do not add even at 160°:

CL Ci o] o : ’ Cl\ /Cl
\Ge/ @ \Ge/ @ o Ge

SEENgoEa

: A Ge . i - Ge
PN AN N

¢t Ta . . Cl Cl cl
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3 Spectroscopy :

In order to establish the sm-membered ring structure of these denvanves (whlch were
tentatively assigned a three-membered ring structure by Vol’pin and coworkers [12, 14] )
a number of spectroscopic investigations have been carried out. '

The infrared and Raman spectra of the compounds of the type, R,Ge ‘GeR,
show an absorption band in the 500—600 cm™! region characteristic of the Ge—C bond.
In the case of methyl derivative (R =Me) the frequency (535 cm™!) is smaller than in
normal methylgermanes (57'2‘cm‘l for Me,Ge). A Raman band for the double bond ap-
pears at 1557 for R=Me and at 1550 cm™ for R=Cl [13—15, 19, 71].

The NMR spectrum of the methyl derivative (R =Me) has been shown [13, 71] to
consist of two signals with relative areas of 3/1. The chemical shifts of the protons at the
double bond have been found to be 6.95, 7.02 and 7.32 ppm for the methyl (R=Me), the
iodo (R=1) and the chloro (R =Cl) derivatives respectively. ‘

The mass spectrogiaphic studies of these derivatives {16, 19, 102] proved their six-
membered ring structure with the two germanium atoms being in the 1,4-position.

The frequencies and modes of normal vibrations for the compound, CL Ge GeCl,
have been calculated. The equilibrium configuration was assumed in which the carbon and
germanium atoms form a six-membered planar ring, the C—H bonds lie in the plane, and
the GeCl, planes are perpendicular to this ring {103} . An X-ray investigation gave the
bond lengths [67]as: C=C, 1.35; Ge—C, 1.98; Ge—Cl, 2.15A and the bond angles:
C—Ge—C and C—C—Ge about 120°%; C1—Ge—Cl 103°. An electron diffraction study of

the molecular structure of CiGe GeCl, revealed that the most probable confor-

mation is that of a boat [18]. The crysﬂifstructure of Ph,Ge GePh, indicated
the six-membered ring to be flat and the configuration at the germanium atoms
tetrahedral [104]. Figures 1 and 2 show the structures of 1,1,4,4-tetraiodo- and the
1,1,4,4-tetraphenyl-1,4-digerma-2,5-cyclohexadienes.

Some properties of various digermacyclohexadienes are given in Table 18.
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“TABLE 18 : ‘ ‘ '
PROPERTIES OF DIGERMACYCLOHEXADLENES
’ Compound ;f . R R,- M.p. (°C)or - Other data References
S - b.p. (°C/mm) reported
R,Ge GeR, Cly 145146 IR, Raman, NMR, 13,18,67,71,
_ o X-Ray, mass 102,103,105
) spectrum )
I T 225226 IR, Raman, NMR, 113,18,19,67,
) C mass spectrum, ‘71
X-Ray .
Me, 67/14 IR, Raman, mass 13,18,19,71
' spectrum, NMR, UV
Ph, 149—-150 IR, mass spectrum, 71,104
Ph Ph X-Ray
R,Ge .= GeRa O 290-292 IR 15
— Br, 317-318 IR 15
PH P I 301-303 IR, mass spectrum 12,15,19
s ' Me, 295 IR, mass spectrum 15,19
Et, 239-240 IR, mass spectrum 15,19
Ph Ph
HO\ - > - : : /OH
Ge - Ge
HO \/ — ( NoH IR 15
. Ph  Ph
Ph Ph
OGe - GeO
\‘ L / 15
Ph° Ph dn
F. F
278.5-282.5 101
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- ‘ » -
Fig. 2. The structure of 1,1,4,4-tetrapheny!-1,4-digerma-2,5-cyclohexadiene. (Figs. 1 and 2 are reproduced
from ref. 71.)

(1IN Cycloalkanes containing heterocyclic tin

The synthesm of a stannacyclobutane denvatwe has been patented [106] The enhanced
reactivity of the hydrogen atomis ona carbon attached to electron-mthdrawmg groups has
been utilized in the synthes1s.

EtOOC ('OOEt

Bu,SnCl, + HC[CH(COOEY,],

Et0ooC COOEt



Q,Also an attempt to synthesme 1, 1 »3 3-tetramethy1-l 3-dlstannacy.,lobutane accordmg to
: the reactlon' ' : .

2 MeZSnCHésr + - 2Mg : Me‘_lSn\;/SnMe2
ylelded just enough matenal for an mfmred spectrum [107] whlch was quxte similar to
that of the corresponding silicon and germanium analogues. °

But in general, it is the chemistry of five- and six-membered stannacyclanes wl'uch has
received much attention. '

A. Stannacyclopentanes and stannacyclohexanes

1. Preparation
The reactions between diorganotin dihalides and di-Grignard [108, 110] or dilithio [43,
111] re_agents have been successfully used for the synthesis of these derivatives:

' SR - Et,0
R,SnX, + CIMg(CH,) MgClL —=—=R,Sn

(R=z=Me,Et; X=Br,I)
‘ THF .

— ' "
'R,SNCl, + BrMg(CH,),MgBr RST(CH,), + 2 Mger

n=4,R = Bu, neo-CgH,; yield 52% - “l
n=5,R= Bu, neo-CgH,, Ph; yield 27-34%
n=6,R = Me, Et,Ph, neo-CH,; yield 10 - 25°IJ

c .y N EtZO s
Ph,SnCly + LI(CH, )i Ph,Sh - + 2Licl

Analogously, usmg tin tetrachlonde the splrocychc denvatwes could be obtained [64 109] :

Et0
snCt, + Bng(CH )5MgBr pentane < ' >

t 10 “15 °Io

Polster [1 12———1 14] reported the synthe51s of a sxx—membered alumlmum heterocycle
- whxch on treatment w1th tm halides gave stannacyclohexanes in hxgh yxe]ds.
PR ' ' | . 180°

‘2._ uzAlH + 3H2 C=CH— (‘:-——CH-——CHZ —
» - Me ) ' » ’
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Me - .

/ - \ 1 - Me .
>( AL(CHZ)Z—-C-—-(CHZ)Z Al 4 i CgHg
ME\___/ t\‘/!e , . - Me o )

(S8°%)

nCL,, 20 -50°
CgHg » 30-502BusSnCly. N
) Me ' Me Me
Me Me Me

(65%) (68°%)

2. Properties and reactions '

The 1,1-dimethyl and 1,1-diethyl derivatives of stannacyclohexane are thermally stable
and could be distilled in vacuo without decomposition. The unusually (for tetraorganotins)
high refractive indices indicate the ring system of these compounds to be strained probably
due to the large covalent radius of tin. The atmospheric oxidation of these ring compounds
is also unusual for saturated tetraorganotins.

The action of bromine on these stannacyclohexanes proceeds via ring-opening although

some tin—methyl bond cleavage is observed in the case of 1,1 dunethyl-l-stannacyclohexane
[108]:

R,Sn > N

Bré
—?__;Et—“ EtZSln(CH2)4C HBr

Br

Me\ . - -
Bf‘?_ .
Me,Sn(CH,,),CH.Br + Sn )
R = Me 2l 24 ZB /

Br Br

The facile reactivity of stannacyclohexanes led Bajer and Post [43, 64] to a detailed
‘study of the reactions of 1,1-diphenylstannacyclohexane. Various reactions are given in
Chart 21. Analogous reactions of the spxrocychc derivatives proceed via the rupture of both
the rings [64, 112, 115,116]. . .

Although the halogen derivatives obtained (see Chart 21) provrde a convenient route
to a large number of l-substrtuted stannacyclohexanes th1s p0581b111ty does not appear to
have been much explored : : e o

" In general the five: and s1x~membered cycllc compounds of srhcon and germamum are.
more stable than those of tm T S : o
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S ) "B ,CCl, o 7!'3r72 Sn_ v
T or HBr at 80° - o :
Physn - ) | 12:80-85° ISn )

I,CCla ‘\Sn: >
| » g

Chart 21. Some reactions of 1,1-diphenyl-l-stannacyclohexane.

_‘Like the corresponding germacyclohexane, 1,1-dimethyl-1-stannacyclohexane has been
shown [58, 117] to react with dichlorocarbene (derived from PhHgCCl,Br):

3 N cel, '
‘MeZSn — 2 Me, Sn
- GgHg: 2h reflux |

_ , (50%) o
On pyrnlysis, the insertion product gives stannyl-substituted chlorocyclopropane:

Me,Sh _Sealed tube e Sn(CH,) U4 Me.sniC
2 < ? Zh, 180° et ?V<H ezsn H2)3>v<
cl

CCLH

H MeLl

Me,Sni(CH, ) ClL Me,SniCH, 1y H
’ +
H>v<H H>v<CI
(3.4’pa_rts) (1part)
3. Speciroscopy
- Infre’red stndy of the six-membered heterocyclic systemﬁ VP‘th o > (where M_'== C.Si,
Ge Sn,Pb) has been reported by Bajer and Post [43] (see under germacyclohexanes and

,Table 6) The spxrocychc denvatlves of the type. < - M .- :

show a charactenstlc mfrared band pattem consxstmg particularly of two strong absorpnon
bands wrth maxima centered at 990 and 910 cm™'. While the latter band is relatively in-. "

(where M Sl Ge Sn)
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TABLE 19 - - el
PROPERTIES OF STANNACYCLOPENTANE AND STANNACYCLOHEXANE DERIVATIVES
Compound ’ "Ry B.p. (°C/mm) Other data ’ Referenceé
: C or m.p. (°C) reported '
R2Sn (CH,)s  Bu, - 55/0.04 ‘110
S ————
(neo-CsHy)z . 61/0.32 110
p—
RSn (CH,)s Mea 64/16 108
S——
Et, 95/14 _ 108
Buy 87-88/0.4 110
(neo-CsHyy)2 73—-73.5/0.08 110
Ph, 138-140/0.01 IR 43,110
143/0.32
Ph, I 219/0.45-0.85 IR 43
Brs 166/0.4-045 IR 43
1,10-phenanthroline complex 218--220 64
2,2-bipyridyl complex 207-210 64
Me,Sn nZ’ 1.5330 58,117
CClH
Me
Bu,Sn 71-77/0.0001 n’ 1.4948 112
Me
T~ .
R,Sn @2 g Me, 68/4.6 110
Et, 61-63/0.6 110
(neO-Csﬂlg)z 99.5/0.24 110 -
Ph, 140/0.07 110
/—\ . B
(cﬁ;‘;\ Sn  (CHo)a 108-110/30 IR, mass spectrum 109
ot S () ‘
n 25 :
{i/ \—/'2 5 11.97120/19 » npy 1'536,2’ IR 64

N\ Me :
N/ Me

- 75—82/0.0001

D 1.5182 -

S 112;113,114,
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,'vanent (+ 5 cm") the absorptron band at 990 cm™! shows both an increased mtensrty and
a shift to a lower frequency of approxrmately 20 em™ most notlceable for the trn-con- -
'tammg heterocycle [64]

V - The mass spectrum (under h_lgh resolutlon at 70 eV) of < ) contained

SnH as the only tin hydride ion present in appreciable abundance [109].
Some properties of stannacyclopentanes and stannacyclohexanes are summarized in

Table 19.

B. Silastannacyclohexanes and Germastannacyclohexanes

1 Preparatron
The hydrostannanon of suitable vinyl compounds has been used to synthesize silastan-
na- and germastannacyclohexanes [68, 118]:

Ph Ph
60-80° |

o | l
Ph,SnH, +. Ph,M (CH=CH,), 25h H?nCHZCth{ICH:CHZ

Ph Ph

: Ph Ph
Ph’ Ph : N/ A\
Sn M
| R N /N
— SlnCHZCHzl\rCHZCHZ — Ph

Pn . Ph n

(M= $i', yvield 23%; M = Ge, yield 17%).

In the above reaction when M = Sn, only low-melting products and insoluble materials
were obtained. The analogous lead compound could not be isolated, the reactlon resulung
in the formatron of metallic lead. :

2 Propertzes and spectroscopy » : :

Both the stannacyclohexane derivatives are crystallme solids. These formed l/ 1 com-
plexes when recrystallized from cyclic solvents e.g. benzene, toluene, pyridine or dioxane.
These weak complexes readrly decompose on heating, show the melting point of the =~
parent heterocycle and give the parent heterocycle upon attempted recrystalhzatron from
ethanol {68]. Infrared [68] and NMR [119] data for these heterocycles are glven in
Table 20 e
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TABLE 20

PROPERTIES AND SPECT ROSCOPIC DATA OF SILASTANNA- AND GERMASTANNACYCLO— SR
HEXANE -

Compound Mp. - wviem)) 8 ‘ _ References
/T \ Ph—Si 1100 : R
Ph,Sn SiPh, 134-135 Ph—Sn 1065 ~  1.63(s,CHp) 68,118,119
./ . CHj 2860 (doublet)
a b
SN Ph—Ge 1080 , R
Ph,S 1 GePh, 124-125 Ph—Sn 1065 L71(m, CHa@); g 418,019

1.83 (m, CHx(b))

g

CH, 2860 (doublet)

C. Stannacyclopentadienes and related derivatives

1. Preparation

The synthesis of stannacyclopentadiene derivatives [86, 87, 120—123] has been
achieved via the reaction of 1,4-dilithio-1,2,3 4-tetraphenylbutadiene (prepared by the
dimerization of diphenylacetylene with lithium) with appropriate diorganotin dihalides:

Fi‘h
Et C=C—Li
Ph—C=C—FPh + Li 16h2(:- ie - l
com temp- C=C—-—L|
stnclz anL4
EtO
Ph Ph Ph Ph Ph
R,Sn ) Sn
Ph  Ph Ph  PhPh Ph

(R= Me, Vi,Ph) (40~70‘°Io)

The presence of the dilithio derivative in the cis,cis-form seems to be the favourable pre-
ferred conformation required for ring closure and thus the success of the synthesis. It is
essential that the lithio derivative be added to the halide, as Zavistoski and Z\jckermén
have shown that the reverse addition leads to alkyl—tin bond cleavage thus glvmg the
splrocychc denvatwe [124 125} :



Et,0

-+ RzSan

L L

EtzO,SnXAI -10 to -20° “ 5672

2 23 9%)

refluxed

(PhSnlg  + T azh ‘—:‘
Et

a8 SRRt H

(R= Me,Ph, M -Sx,Ge,Sn)

(R =Et, Bu, Ph, p-tolyl etc.,X =Cl,Br)

MCl,
Et,0 F F F £
F F
I3 Q Q F
:: EF F TF
(M = Ge,Sn)
T ' TMEDA- .- MClg
Ph—C=C—FPh + 278uL| —_——— Lt

hexane

(M =Si.Ge,Sn)

Cljarf-22._Syrifhesis of some stannoles.
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Ph
+ 2 MeLi
T Ph

Me Me | © Ph Pn

The lability series is R =ethyl, methyl > vinyl > phenyl. :
A number of dibenzostannoles [126—128], corresponding fluorinated derivatives [95

96] and stanna-indene systems [92] have been synthesnzed The synthetic routes are
compiled in Chart 22.

2. Properties and reactions
These compounds are well defined colourless crystailine solids of high melting point.
Only the hexaphenylstannole is faintly green and fluoresces when solid {123]. ‘
A detailed study of the behaviour of 1,1-dimethyl-2,3,4,5-tetraphenylstannole towards
electrophiles, particularly halogens revealed that the cleavage occurs preferentially at the
olefin carbon—tin bond and not at methyl—tin bond |97, 129, 130} :

Ph ,
Pn Pn | Ph - Ph
X 7 N X

U o e PR — 2w pigysnx, + ph_k_g_ph

Ph o Ph 4 HyCL, Mez?n X 1 ]
X

e Me (100 %)

(X =ClLBn

With the weaker electrophile, iodine, further reaction of the stannyl dihalides does not
occur up to temperatures of 100° and hence mixed halobutadienes could be synthesized
according to the reaccion scheme {130]:

Ph Ph : Ph Ph Ph Ph Ph PR 7
“ I Ph/ N\\,-Ph Ph\‘}‘—g/Ph A
Ph . N\\Ph -
. l —12*— ﬁ 0.58r3 = L ! Bl"z + MeZSnBl"Z
n Me,Snl T ezonBr Br 1
N 2 o
Me  Me (S0%)

The stannyl derivatives have been found to undergo a vanety of reactions leadmg to some
remarkable syntheses [129— 133] :
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X,: Br-, 125-140°

- NiBn, triglyme

' Ph Ph

Ph—7 \\—pPn heat
i .
Me,snX X
CSHG’UV 8h
X=1

Ph Ph

! v+~—5NiBr‘2

Ph Phn
P sPh
Ph

g

- Fh  Pn

Ph
T U
' Ph

Ph
Ph

Some reactions of spirobistannole are g, .n below [126]:

C

O HgClL -

o 2 HaCle + SnCl,
N\ i HgClt
Et O HCL
‘ Cl
EtOH
HC
(84 °/o (14 % )

__Eisch et al. [134] observed the reaction between 1,l-dimethyl-2,3,4,5-tetraphenyl-1-
stannacyclopentadiene and phenylboron dichloride to proceed via metal—metal exchange:

Ph Ph - Ph Ph .
phUph 4 PhBCIL *C—Clio——t—- PhUPh + Me,SnCl
R Sn - 2 CH3Cé‘{5 ) ? . . 2 2
o Me/ V\Me . Ph

Analogously the reacnon ofa stannacyclohexamene derivative [144, 145] with phos-
'phorus or arsenic tnhahde has been used to synthesxze phosphabenzene or arsabenzene
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l l - PBry : !\ ' :
o . ——————— o _ + Bu,SnBr, + HBr

Sn _ P

PN
AsCls
. ~
As

Bu Bu
+ BUZSnCL2+ HCL

3. Spectroscopy

The ESR spectrum of the radlcal anion of 1,1-diphenyi-2, 3 ,4,5-tetraphenyl-1-stanna-
cyclopentadlene showed one main line with two satellites due to hyperfine interaction
with 117-1198q species [100].

LI
~

o pn
8

The mass spectrum of I showed relatively strong peaks at the positions and with the
isotopic distribution expected for (I minus H)" and (I minus Ph)"; other peaks indicated
the presence of PhgSn3 and higher molecular weight diphenylitin polymers [128].

Some properties of these compounds are summarized in Table 21.

D. Miscellaneous stannacyclanes

Kuivila and Beumel synthesized several heterocycles containing tin in the seven-mem-
bered ring [135, 136] . The synthetic routes are given in Chart 23.

A recent publication [143] claims to have obtained satisfactory yields of stannepins by
the direct reaction of the organotin halide with 2,2'-dilithiobibenzyl. Bromination of di-
methylstannepin with /V-bromosuccinimide resulted in the ring cleavage and the formatlon
of 2,2'-dibromobibenzyl [143].

In the polyaddition of diorganotin dihydrides to 1,5-hexadiynes, 1, 1-disubstituted
stanna-2,6-cycloheptadienes were obtained as by-products (12—28%) {137] :

10C°, 2h

R,SnH, + HC==CI(CH,),C==CH \' J o+ polymer
o A B
R TR

(R =Me, Et, Pr, Bu, Ph).
* (continued on p. 390)
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: :TABLE 21

: PROPERTIES OF STANNACYCLOPENTAD[ENES AND RELATED DERIV ATIVES ]
" Compound. : Ry © M.p. (O - Other data _ Referenpes"
s ' reported B
Ph  Ph
— / -
. R.Sn ’ S Vl\;ie 192—193 ESR, Méssbauer? 87,97,100,
2 2 ,
ST\ —] : ' 125,129-132,
RN - ' 134"
Ph (CH,=CH);  158-159 Mossbauer?, 87,125
IR, mass spectrum
Ph, - . 173-174 . Mbdssbauer®, ESR-. 87,97,100,
L : . - . 123,125

281-282 Mossbauerd - 87,120,123,
125
Et» 73 UvV,IR 126 -
" Bup " 56 IR 126
(cyclo-CgHyp), 104 IR 126
Ph, 141.5 - IR, UV, 126,127,128
mass spectrum,
_ Massbauer®
(p-MeCgHg), 108 R 126
(0-PhCgHa), ~ 196-1965 iR , 126
Sn 126

Ny

“fcontinued)
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TABLE 21 (continued)

Compound Ry - Mp °O) L Othei datya o Refekém_:és o
" : réported _
F R
F F
RgSn A Me, ' . 95
F'
Ph, 131-133 IR 95
F ~OF » ~
F. _— A
E E .
F F K F
F F :
sh 227229 IR 95,96
2 F :
F F F F _
F ' F , '
/ Bu
NS ‘\, ~~Ph
g _ 141.8-1425 NMR 92
Ph\ /, ~ AN
Bu ‘ e

Bu,Sn : , .. 144,145

64 142

. a 119m Sn Mossbauer isomer shlft (mm-sec ‘) with respect to SnOz at 77 K 1 23=0. 06. by.25 +0.06.
€1.19:0.06. ¢ 1.30£0.06. €1.20+0.06. . . A



Ol e —
‘1“77'B'r¥5» Br R 1_. T

e N
° P - CgHg

1 ' (83% | EtO <n P
- yield) SN ~ O
Ph
MeigBr
. Sn - 150 ; 30
. ' . ct a + polymer
£ 36%)

. VSn\
Me/ Me
(73 %)

Sn | Sn
/ \

@)
(87%)

\_/

Et,0 lv_mu-l‘= ‘ Cl,; CHCL,

. Sn ) S ~Sn

{S0°%.)

IO

(.‘Héri‘ 23. V'S'ynthesis of some seven-membered tin-heterocycles.

_ Photoly51s of l 1 dlphenyl-l-stanna-Z 6-cycloheptad1ene resulted in the nng-expansmn
g ryleldmg a dlstannacyclotetradecatetraene [138] :
: h “Ph

N
: Sn/

~ - SnPh, .+ polymer

(349%)



-+ potymer

R . CH=CHz -
“CH=CH,

(R =Ph; 15%)

. . C==CH R -

RR'SnH, + —_——
C ==CH

(R=Et,17%; R = Ph, 22°%)

R
pa
Sn + polymers
\R1

R \R‘ ‘
(R =Et, R'= Ph; 41%) (R=Et, R'=Ph;5%)
PhBClz
B— Ph
R = R‘ ,
V o (50°6)

(R = Et,R'=Ph)

R /R
~N -
Sn/ :

Is -
(R = Et.R'=Ph) _

- - . : . ° . I AL
Chart 24. Synthesis and reactions of some seven- and fousteen-membered tin-containing heterocycles.




: The authors conclude the photoreacuon to involve a radlcal process w1th fission of the

' tm—carbon bond.

.-The <yntheses [139, 140}, reactions [140 141] and spectra [140 141] of seven- and
fourteen-membered tin-containing heterocycles have been described by Leusink and

‘ coworkers These are given in Chart 24.

- Some properties of miscellaneous stannacyclanes are given in Table 22.

TABLE 22
PROPERTIES OF MISCELLANEOUS STANNACYCLANES
Com'pound . ' R» B.p. (°C/mm) Other data References
. “orm.p. (°C) reported
R,Sn  Me, 30-32/0.2 ng 1.5280 137
—/ ' Et, 74-76/5.0 nZ 1.5308 137
Pry 64-65/0.02 n® 15213 137
Bu, 90-92/0.08 nE 1.5174 137
Phy 147-150/0.3 ny 1.6226 137,138
88—90/0.4 a
Me, 4142 IR, NMR 139,140,141
Et, 95-96/0.4 IR, NMR 139,140
Et, Ph 139,140
RySn 7 Et, 93-98/0.08 IR, NMR 139,140
Ph, 98100 139,140
109—120/0.02 IR, NMRD, 135,136,143
uv, massd
 Me, | spectrum
130-135/0.2 nE 1.6130
o 138-141 IR, NMRS, N
"Phy , . UV, mass . 135,136,143
. 146-147 " spectrum® '

- (Ac_ontinued)'
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TABLE 22 (continued) - - R

Compbund S Lo ‘Ra B.p. (°C/mm) Other data Réfere’ncés_ -
. oo ~or mp.(°C) , reported
a, 106-106.5 UV 135136
0 135
S | 274-275 _ . 135
Sn l 135
{‘ :Sn 135
Physn SnPh 145-146 o138

2

=

Ph, 282285 - 139,140 ..

Et,Ph  184-186 139,140
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TABLE 22 (continued) .

' Comboun‘dA»5‘,"‘f L T R2 .7 B.p. (°C/mm) Other data References .
B i e ermup. (°0) reported - :

277-282 139,140

25 (in CClg) 6.32 (H(1)). 7.50 (H(2)), J 14 Hz. ?7.6-6.8 (m, Ar), 3.1 (s, CHj), 0.5 (s, Me). € 7.7-6.9
(m, Ar), 3.17 (s, CHy). 9 Metal-containing fragments: CygHgSn*, C1sH,sSn", CysH3Sn", C1aH 1 Sn",
C5H55n’, etc. © Cstzzsn*, Con 175]’\*, C14H “Sn*, Cugt 105!14, CnH an", CGHSSD.’, etc.

IV. Cycloalkanes containing heterocyclic lead

The work on the preparation and reactions of compounds with lead in the ring system
is very limited. Thus the total number of references is less than twenty, although,
1,1-diethyl-l-plumbacyclohexane was prepared as early as 1916.

Griittner and Krause [146] reported the synthesis of 1,1-diethyl-1-plumbacyclohexane
according to the reaction:

Et_PbCi, + BrMg(CH, )}, MgBr ———— EtPD )

‘The analogous dlphenylplumbacyclohexane has been prepared by Bajer and Post via the
reaction [43]

Et,0 < >
thPbCla + Li(CH,)gLi C Ph,PD

The compound proved to be quite sensitive to light and air, formmg a coloured resmous
solid. . : :

The dlethyl compound was slowly oxidized by alr, giving a brown oxygen-contammg
resin. The cyclohexane ring was cleaved by bromme [146, 147]:

, | " EtMgBr
EtoPR ) __%;é}.. ‘Ethb(cHQ)sar =27 EtsPb(CHo)sBr

Br
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Using the method of Griittner and Krause, the synthesxs of some plumbacyclopentanes: -
has been accompllshed [1471: : :

_ EtOo . RPDCL, /[
BF(CH2)4BP + 2Mg BrMg(CH, ) MgBr —>—% RPb’

(R =Et, 70%; R Ph)

Like 1,1-diethyl-l-plumbacyclohexane, the authors observed a similar ring cleavage of
1,1-diethyl-1-plumbacyclopentane by halogens. However, the reaction with carboxylic -
acids proceeded without ring-fission in the case of plumbacyclopentane contrary to plum-
bacyclohexane in which case the ring was ruptured. Various reactions are summanzed in
Chart 25.

RCOOH E‘\Pb/

rcoo” \__|

Bry ,-80°  ring cleaved; PbBr,
deposited at room temp.

Et,PB

X2

PbX,

< : RCOOH
Et,Pb PBOOCRY),

(X=Cl,8r; R= Me, CLCH,)
Chart 25. Some reactions of plumbacyclanes.

Potassium hexachloroplumbate [150, 151] has been used as an excellent starting
material for the synthesis of organolead compounds. Juenge and Jack accomplished [148]
the synthesis of 5-plumbaspiro[4,4]nonane by reaction of tetramethylenedimagnesium
dibromide with potassium hexachloroplumbate in diethyl ether:

o [N/
/AN

(—~ 9°Ia )
However, Williams [149] claims to have obtained the spuocychc compound in much o
better yield by using lead dichloride as the starting material: -

THF N/ |

PR + Pb + 4MgCL,

KzPbClg + 2 BrMg(CH, ), MgBr

+ 2'KCL" +4MgBrClL

-

2 PbCl, + 2CIMg(CH,) MgCl

(65°%%)



‘.The _attempt to synthesrze 6-plumbasp1ro [5 5]undecane via the’ reacuon between potas—
sium hexachloroplumbate and pentamethylenedlmagnesmm dibromide has: been shown - -
to give 1 l-drpentylplumbacyclohexane probably by incomplete ring closure [148]. The
5-plumbasprro {4,4]nonane can be polymerized by. heating at 120° for several hours orby
storage at'0° for several months or by refluxing in benzene with benzoyl peroxide. The
plumbacyclo-pentane and -hexane did not polymerize under the conditions described
above [148]."

More stable: compounds have resulted from the presence.of benzo groups in the mole- -
cule Gehus prepared 9 9- drphenyldrbenzoplumbole accordmg to the reactron [127]}:
- Et,0 v
mapoct+ e £ Pnged
. Li Li

49°%h)

‘, {30%)

Seven-mernbered ring systems have been synthesized analogously [143]:

(R =Me, Ph; M = Si, Ge, Sn, Pb) :
' Fmally liexaphenyllalumbole has been synthesized [97, 125] according to the reaction:

"Ph - - Pn

L C ;7h S ITh ‘Z—X‘
NIy o S Et0 . / \
Li—'C=C—-C=CLi: + _ -

o . C(l: (l: , ,CL‘ Ph;PtrCL? Z days Ph " Ph

ST P ph
5% )

Some propertres of various plumbacyclanes are summarized in Table 23.

Thus, in conclusron cycloalkanes containing heterocyclic germamum tin and lead

- constrtute an interesting class of organometalhc compounds. More kinetic work regardmg
various reactions of these compounds more detailed spectroscopic mvestlgatlons and

o solutron of the structural problems should follow m the near future ‘ &
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