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I. Introduction 

Cyclic systeins containing one or more Group lV metals are known and have been 
documented in vzrious general works [ l--8] . These Group IV metal cyclic compounds 

include: (i) systems having only Group lS7 metal atoms in the ring [9], (ii) those having 
Group IV metals and other elements such as oxygen, sulfur and nitrogen (with [lo] or 
without [I1 J carbon), and (iii) those having one or two Group IV metals in 2 ring with 
the other ring members being carbon atoms. The scope of this review is limited to the 

chemistry of germanium, 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 

The earlier claims by Vol’pin and coworkers regarding the isolation of germacyclo- 
propene [12-l 5 J have been ruled out, firmly establishing the compound to be a cyclo- 

hexadienic derivative containing two germanium atoms in the ring [16-191. The smallest 
ring system known contains four members. 

1. Beparation 
Mazerolles, Lesbre and Dubac reported the first synthesis of gennacyclobutanes~[20, 

213 by a Wurtz type condensation of dialkyldichlorogermanes and 1.3~dichloropropane 

m-the presence of sodium: 

n-6u2GeC12 + +. 4 NaCl 
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The germacyclobutaries were isolated by vapour phase 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 r-chloro- 
propylchlorogermanes using sodium or a sodium-potassium ahoy (23% Na, 77% i) in 
boiling toluene or xylene: 

n-Bu2~eCH2CH2CH.$I Na 
xylene n-B”@e 7 f 2 NaCl 

CL \ 
(75 %I 

Na/K 
Et2~eCH,CH,CH2CI - - toluene EtaGe 

3 
+ 2NaCl 

Cl (35 vd 

The ?I-chloropropylchlorogerrnanes [22] required for the cyclization‘could be obtained 
in high yields via the reaction: 

RzCeH + CH2=CHCHICl 

I 

sey’pbe l R2GeCH2CH&HzC1 

I 
a 

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

manium: 

Na 
R~~eCH+HCH&I p 

toluene 
CL CH, xyPerne 

CH3 

(7ow 

(R =Et,n-Bu) 

C Ge’ 
(Ct-Q3C: Na 

‘Cl 
m-xylene, 10 h ref lux 

(67 %I 

CL 

n-BukeCHpCH&HaCI 
Na 

I!i 
toluene n-Buye 

H 3 

(45 =w 

A more recent synthetic route to germacyclobutanes 2241 involves the spontaneous 
ring closure of 1-germylallyl alcohols: 

7 
PhGeH 

&I 

+ O=CH-CH =CH, _ 

- -H 

[&~~CH~OH~ 

A 

Cl 

Ph&eCHCH = CH, 
LiAlH, s 

A ‘OH 
high dilution . . 

OH. 

-CH=CH2] _ + p0Iymer 

(10%) 
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: __ .--.’ : . . . 
‘- The hydiog&kacy&buta&es [Z$ -:under& a variety of reactions with .ring retention -- 

‘(Chart 1). and $v@eTsynth&c routes.to~amrmber.of~o_ther.germacyclobutar& .. .I:- .:_ 
. . ‘.., -_ _ : 1: -. 

C6’-‘13Br n-Bu 
‘Ge 

BC' 3 180 %) 

f R’MgX 
n-B+ 

___i. Ge $/ 3 

( X = Cl, &,I; R’= Et, C8H,7, vin;I, ethynyl 1 

n-Bu, n-Bu , 
Ge 

H’ 3 + 
150e n-C6H13C=CH p 

C6H13CH=CH 
/== 3 

(66%; cis/trans: 9/1) 

Chart 1. Synthesis of some ghmacyclobutane derivatives. 

2. Properties azd reactions 
The germacyciobutanes so far known are colourless liquids Gith boiling points higher 

than those of the linear derivatives containing the same number of carbon atoms, and .’ 
display notable exhaltations of molecular refraction (AMRD= +0_53 to 0.60) [20,21] 

characteristic of small cyclic systems. 
The polarizability of the intracyclic~germanium-carbon bonds and the ring strain in- 

duce high chemical reactivity and both electrophilic and nucieophilic reagents have been 

shown to cleave the ring. Electrophiles cleave the ring rapidly and quantitatively. Thus 

halogens-react rapidly and exothermicahy to cleave one intracyclic germanium-carbon 

bond [il ] (e.g, Chart 2): 
The acid-catalyzed Aectrophihc ring opening of gennacyclobutanes [2C, 211 occurs 

readily iu highyields: : .. 

n-Bu&e- 

.;. .:,~~.~~~..~~~~~~~~,:~ _;;~ m.;.m. _m.; 

r-a - B ” 2G&H,C t+yi3 
1. ~ .,: 
x:__._.‘.’ ._-.. .’ ‘::.._. .’ 

ia5-y4 
: .:, ‘. .; y‘ : 

&djo!.:- .,‘-:-. . ‘. 
- 

-..!X=-C:l,Br.I;-lReMe. CI‘CH, I’- 

.-. -. 
~.- 



Et2Ge 
3 

Br#J ,._ -..: 

‘0” Et,~eCH2CH2CH2Br ._ .:. . . . ,_._-, . . ,_’ 
Br (9yo,oo, . : .’ : . . 

n- BuaGe 
3 

‘I2 _ n-B&GeCH&H;CH,I 

\ 

: 
ICI 

: 
(80 %) 

n - Bu,GeCH,CH,CH,I 

& 

EtMgE3r 
- n-Bu2yeCH2CH2CH21 

Et. 

Chart 2. Ring-opening reactions of germacyclobutanes. 

: (52 y!o? 

n-Bu2Ge 

;;;,Eoz;H, c:;yy, ’ y”:y;yiai 

[n- Bu,Ge(CH&CH&O 
(60 %) 

+ starting material 

n-Bu,(i;eCH,CH,CH; Na+ 

OMe 

I 
Me1 ._ 

n-6u3GeOMe -_ 

(80 %I 



.326 . . 
._.: 

-. .-._- -_ ‘. - .:. ., : 

F+_$eophiles $.$ ~s~~ithiuq&.q#nium hydride [ZO, 211, alcoholic pofassium 
lhidrox&l& [?l] ,~sodi~ti~~~~ox@ [23] +h &enyl.khiu_ti @] cleave. the rr@ slow$ 
&i;ld iG+&&tel$ (s&e Chart 3); -_ --.j 
-. Ring cleavage has:ako been kc~mplished by compounds ~onta@ng a.mobile halogen 

1211 e.g. germgnium tetrkhloride and sulfw1 khloride; The latter reacts jn two different 
ways (see the reactions with chlorine and hydrochloric acid): 

Cl 

n- Bu*Ge 
3 

+ GeC14 - n - Bu2ye(CH213GeCi3 

CI 
(52%io) 

Mazerokle:: et al. 125-271 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 prysence of(i) 2 catalyst [25,27] e.g. 
chloroplatinic acid &PtCl,) or (ii) a free radical initiator [26,27] e.g. azobis(isobutyro- 
nitrile: (ABIBN): 

-I- R3_,CI,MH 
H,PtC16 - n-Bu2~eCH2CH2CH2MR3_nCln + polymer 

l-l 

M=G.&n=O;.R=Et 
M = Si ; n=O; R,=Et,, BuaMe,Ph2Me 
M=Si ;n=l.2.; R=Me,Bu 

n-B&C& ’ h-iCL _ 
. . 3 ABIBN 250O 

n-Bu2~eCH,CH,CH3~ 

: Cl 
(‘80 %I 

($tiC~=Bu.pfiCI, MeSiHCIB. Et2GeHCl, Bu,GeHCI.CI,SiH) 

-. -4 number of insertion reactions leading to ring expansion have been reported_ Thus 
sulfur dioxide [28] and sulfur trioxide. 129,301 have been found to react at low 

temperatures yielding germaoxa*anes and gernkltones respectively. On the other 
hand-+&h temp&tit& reaction with klfur’?d selenium has been shown. to give germa- 
.tetrahydro-thiobhene and iselenciphene respectively. [3-l]_ Various reactions are listed in 

Chart4. . . 
. . Seqiferth et’al. [32] observed the first case of hichlorocarbene insertion into 2 carbon- 
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RX -70° 
I?‘/ + so, .’ - 

(R=R’=Et, n-Bu; R*=H,Me) _ 

-: 
.(QO%) 

R2M 
3 

+ so, 
-70” 

o-so* 
(M = Si,Ge; R=Et,BuI (80-90%) 

R’ 

8 R,Ge 
3 

R’ + Se 
220 - 230°_ 

I 260-270° See 

(R=Et,Bu;.R’=H,Me? 

R’ 

8 R2(?“\ 
TT 
Se 

(R=B”;R’=H)~ 

Chzrt 4. Ring-expansion reactions of gemacyclobutanes. 

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

Ei,Ge 
3 

+ PhHgCCI,Br GH6 c- -i- PhHgBr 

(35%) 

The hydrogermacyclobutanes are more reactive than aliphatic or five- and six-mem- 
bered ring hydrogermanes. They &an be polymerized even without any catalyst, undeigo 
substitution reactions with halogenated derivatives and add to olefms and &y&with- . 
out any catalyst [23] (Chart 5). 

Unlike germacyclopentane and germacyclohe&e derivatives, germacyciob,uta& 
‘. 

reduce cold alcoholic sohitions of silver nit&e and hot solutions of mercuric chloride to 
themetql[2Cl].. - : :. 

k&a&tic polym&izati&i of ~,l;d~~~~l~l-ge~~cyciobutane [33]-has been shotin to 
yield a high_&&&r w&&.,olym&~&~ermaniunj in & main cfiain: -’ .:. . . : 



Pyrolys&of l;l-d&ethyl-1-germacyclqbutane 134) gave-a mixture of products (detected 
by gas chrqmatogrtiphy and infrared spectra): 

:Me 
'Ge 3 400-600’ .yeMee 

Me' L GeMe2 

(38 %I 

Although &ore comparative rate studies are needed of the reactivity of germa- and 
sila-cyclobutanes some tentative conclusions can be drawn from the data already available: 

(a) Germacyclobutanes seem to be less reactive than the corresponding silacyclobutanes 
towards nucleophiies; (b) Electrophilic reactions of germacyclobutanes occur m&e readily 
than of the silacyclobutanes; (c) Gerrnac> dobutanes like silacyclobutanks, exhibit re- 

+ ethylene + propylene etc.. 

ducing properties and can be polymerized in the presence of a catalyst or at high temper- 
attires; (d) Hydro-gerrnacyclobutanes as well as -silacycIobutanes are more reactive than 
the corresponding aliphatic or five- and six-membered ring hydro-germanes or Alanes; 
(e) The thermal decomposition (400-600°C) of 1 ,I-dimethyl-I-germacyclobutane differs 
significantly from that- of the silicon analogue in that while the former gives a digerma- 
cyclopentane derivative the latter yields a disilacyclobutane derivative [34). 

n-Bu,. 

3 

n-9u 
: Ge ‘Ge 

\- ‘.I. 
C4H&H~Cfyi 

-1 3 

(66”10) “. 
n_C&CH,CH, 

_m‘S. Some~resctions of hydrogermacyclobutanes. : 
..- .-- ; .: _ _, _ 

.: -.- .._ .: 
3: Sp&&pj .. : 

,Spectrosg$c Jech$ques lijce IR andPGR have been extens@eIy used to characterize 
germacy&obutapef + wellas Vtidu~~prodticts obtained from yjhei! x%$&on& _’ _. : . :_. ., . 
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TABLE 1.. 1 .. 

IR DATA FOR SOME GERMACYCLOBkTAwES : ,, ‘_ ;’ -_-.- ‘. - 

Compkuxi R2 IR ~bs&ticm (cm”) Assignme& ’ .-._. ‘rie&&&s _ 
(liquid f&n) :: I : -e. 

Me2 

Et2 
BU2 

: (c&)4 

alkyl,H. 

1115Q 34: . . 

1114ff 21 .: 
1114= . . _ -2.1‘ 

1120= -21 

1110 - 11200 i 
2020 u (GeH) 23 

112SQ 21 
, 

Me 

c Ge YPh 
‘H 

OH 

Me 

c 

/Ph 
Ge\ 

H 
OH 

3340 IJ @OH) 

2040 Y (GeH) 
24 

3300 

2030 

v (OH) 

u (GeH) 
24 

cI Characteristic of the cyclobutane ring system. 

TABLE 2 

c’ c2c= c3 

PMR Spectra p:25] of 
1Ge/c41,S 

c’ c2 c2 c3 / \C4’ 

Multiplicity Position 

1.9 - 2.4 
1.4 

1.2 - 1.6 
0.8 - 1.2 

0.9 

Quintuplet C(S)-H 
Triplet C(4) -H 
Complex C(2) -H 
Complex C(3) H - 
Triplet C(l) -H 

_- 
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. .._ ..- 

: 
;. &, infrared bahd (1110-l 129 tiyl, appears $0 be ch&acteristic of the germa&clo- 

’ butani iingsystem 120,. 21,23,34] , but detailed’investigtitioxis regarding f&-infrared : 
&‘b&d~aSsi&Gien& (as.inthe cake df silac~clob&n&) have Yet to be underta.I&n. Var- ._. ._ 
i&& infiar&absorp&~ $&ls for g&r&y&b&&es are suxn&&ed in Table 1 :Iri the 

NMR spectra [21,.25; 311 -the_g&ma&clob&an~ r&g protons are deshielded. thus _. 
enablir& the differentiation between &lobutan~‘ring prtitons from those belonging to 

. . 

TktE 3 
PMR QATA FOR SOME GERMACYCLOBUTANES AND THEIR REACTION PRODUCTS 

Ctimpound 6 .MuItiplicity Reference 

OH 

GeM 4.37 

HCO 3.45 
CH2 1.0 - 1.8 

multiplets 24. 

multiplets 24 

EtGeCH2 0.9 - 1.4 complex 

zH2CH2 1.6 2.1 - multiplet 

CH2CC12 2.25 two overlapping 
doublets 

32 

Q 2.65” triplet 
6 1.90 quintuplet 

R=Bu Q 2,60 triplet 

p 1.85 quintuplet 

.R2= -KHz),- : Q 2.75 triplet 

B 2.00 

1.8-2.9 : complex 

a 2.70 
fl 1190 

tip!!? 
quintuplet. 

31 

31 

31 - 

31. 

31. 

a a or fi sigriifjrjbe protons on carbod atoms Q or fi to S or Se. 
. . 
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=kLi4. _. 

PROPER&ES OF ChfktiCiOBUTANES ‘- 

Compound R2 
F&m, 

20 ., dz” “D Other data References 
reported 

(C&i&eR2 Me2 

Et2 

120/760 

78180 1.4738 

Bu2 112118 1.4742 

Et, Bu 75113 

Bu, CsH17 103/0.3 

Bu, CH=CH2 SO/18 

Bu, C!H=CHC~HIS 7510.1 

Bu, C=CH 67110 

Bu, H 70125 

Bu, Cl 94/18 

Bu, Br 107/18 

Bu, I 121118 

Me -c GeR, Et2 
Bu2 

Ph 

Bu, Ph 

Bu, H 

Bu, I 

82f48 

113/g 

SZ/O.OS 

61/15 

109115 

H 9610.04 

l-4588= 

i.4720 

1.4738 

1.4825 

1.4828 

I.4822 

1.4781 

1.4900 

1.1066” IR 33,34 

1.0853 IR, 
mass~spcxtruk 

20,21,29,30, 
3.1,32 

1.0163 X-R, NM& y20,21,25,29, 
mass spectrum .3b,31 

1.0402 IR 23 

0.9799 23 

1.0506 23 

1.0096 23 

1.0795 23 

1.0879 23 

1.1912 23 

1.5157 1.4520 23 

1.5558 1.6358 23 

1.4682 1.0285 8,28 

1.4690 0.9937 1R 21 

1.5355 1.0909 1R 23 

1.4701 1.0361 23 

1.5410 1.5431 IR, NMR 23 

IR,NMR. 24 

98 - 103/0.05 IR, NMR 24 

-- 

.: : 
89138 i.5185 1.2043 IR -ii,31 

._ 
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: 

_an aliphatic chain (see.Tab!e 2).‘PMR data for germacyc!obutanes and for some of their.. 

reactionproducts&econipnedmTable3.’ --.c-- ._ __ ;..:.. -. : ...I 
c -’ s0me:physica.l properties of various germacyclobutanes are s&rt&&d in Table 4.. 

.* .: .; :- : . 

Bi l%ghmacjxl~bu~anes and ~emzasilac&obtitanes 
‘- 

The work-on the chemistry of these compounds is very limited and has been carried 

otit since 1969. Mironov and Gar [35,36] reported the first successful synthesis of 
‘lii.3,3-tetramkthyi-1,3-digermacyclobutane and 1,1,3,3-tetramethyl-1-sila-3-germacyclo- 
butane according to the reaction scheme: 

M&,MCH,CI + PhMgBr 
Et20 

C 
I 4 h,reflux 

Me2MCH2CI 

Cl ;h 

Mg Et20 

Ye 
7 .I 

Me,~CH,~eCH,CI -- - 
Me,GeCH2CI 

Et,O;90” for 10 h MeaYH2MgCL 
Ph Me Ph 

- I Br2inCClq (M = Si, Ge) 

Ye 
Me2y.CH2yeCH2CI 

Br Me 
20 h,reflux 

Mg, Et20 
M&,M GeMe2 

(50-60%) 

A convenient procedure (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 
Me2Si(Cl-!,CI-1; + 2 Mg + Me2GeC12 - 

-_ 
: 

GeMe, + 2 MgC12 

( 21 %I 

Both the heterocycbzs (described above) polymerize 1361 readily at about 120” ~tb 

opening of the ring: 

(mol.wt. 2920) 

l&the.-I ,Icligerrn& derivative is resistant to vapour phase pyrolysis at 4&-6t$’ [34] _ 
Varks phy&al data for these compounds are given in Tabie 5; ; (.- 
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TABLE5 
PROPERTIES OF DIGERMA- AND ‘GERMASILACYCLOBUTAtiE 

- 

Compound B-p. n’D” dy Other data References 
W/mm) reported 

Me,Ge 
v 

GeMe, 65148 1.4875 1.2929 IR, NMRQ 35,36,38 

57160 1.4665 LO468 IR, NMRb, 35,36,37,38 
mass sPectrum 

u 6 (in CCl4) 0.42 (s, Me), 0.64 (s, CD& 
b6 (in ~~14) 0.16 (s, MezSi), 0.40 (s, Me&e), O-225 (s, CDs). 

C. Gennacyclopentanes and germacyclohexanes 

1. Preparation 

S&war-z and Reinhardt reported the first preparation of a gerrnacyclohexane deriv- 
ative 1391 using the reaction sequence: 

Et,0 
GeCI, + BrMg(CH2&MgBr ___P_ + MgCl, + MgBr2 

A re-investigation of the above reaction by Mazeroiies showed it to give a number of 
products 1401, dichlorogermacyclohexane being one of them: 

GeC& i BrMg(CH&MgBr 
Et20 

- CI,Ge 
3 

+ Mger, + 

+ MgCI, 
f unreacted GeCl ‘7 + Ct~Ge(CH215GeC$ 

GeH4 + H2Ge3 + Gez 

(gaseous) (bp. 119OC) (b-p. 109”C/17 mm) 

Reduction of the reaction mixture with lithium aluminiurn hydride gave more volatile 

hydrogermanes (without affecting the spiran) which could then be separated by dist& 

lation. The procedure has been extended to the synthesis of a number of germacyclo- 

pentanes [21,41,42] and -hexanes [21,43] : 
: 

R,GeX, + BrMg(CH&MgBr - R,Ge(CH& + MgBr2 +‘MgX, 

(R=Cl,Me.Et, Ph; X=CCl.er;n=4.5) 



: 
. . -.. 

The s&tint +seg’for these reactions lqs been found to.affect the yields [21] . . 
The germacyklanes obtained by the ring cldsure reactions mentioned above have been 

.used as sttiiting mat&als to synthesize a variety of other hydro-, halogeno- or alkyl- and 

arj+substituted germacyclanes. ThuS diphenylgermacyclopentane could be converted into 
the dihydro detivative [21] .via the reaction scheme: 

+ 2Br2 - Br,Ge 
3 

+-2PhBr 

(80 ‘-lo) 

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

Cl, r-i unrI, ‘1 - . .=-.,= 
(77 010) 

+ Hg + HCI 

CI,Ge 
3 

+ 2S0, + 2HCl 

(90%) 

BuBr - Brie . . 
3 
(91 %) 

BUI 

I2 

\ 

I,Ge 
3 

(74 %I 

+ BuH 

H 
‘Ge 

I’ 3. 
+ HI 

(80%) 

refluxing heptane, 10 h 

C&art .6..Some reactions of hydrogermacyclanes. : 
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Diphenylgerrnacyclopentane [21,40,41] and dichlorogermacyclohexane [40,44,4S] 

undergo a variety.of reactions with iing retention, and thus are’used.as excellent -starting. 

materials in synthesizing a w!qe range of germacyclanes. Various reactions are compiled 
inChart7. 

Various other routes to germacyciopentane derivatives include: ring expansion reac- 

tions [32! of germacyclobutanes, catalytic hydrogenation [4628] of gennacyclopeni 
tenes, and the addition reactions [49-521 of diorganogermylenes (R2Ge:) to ol&ins (see 
Chart 8). 

b-,, EtBt- cl---- 
Ph 

Ph2Ge 
00 

‘Ge 
Et’ 3 

(90 %) (87 %) 

I CH,=CHCH,MgBr 

I 

(1) er,, 0” 
(2) HC ECMgBr 

(90 or,) 

Ph 
‘Ge 

CH2=CHCH2/ 3 
(820/o) 

Et 
‘Ge 

HC=C’ 3 

/ 
Cl&HCOOH 

f 

C12Ge 
3 

PhMgBr 

Et,O, refiux 

( Me3&00)2Ge 
3 

I CL,CCOOH 

i 

Et, 
lGe 

cI,ccoo 3 

PhaGe 
3 

+ MbFrz + MgCI, 

Chart 7. Synthesis of &me germacyclopentane and germacyclohex&e derivatives. 
. . 



. . 
;;li/H, 
EtOH -. R2Ge 

3 ‘... 
(50 -,oo-%) 

(R=Me,Et,Bu, Ph) 

Me2GeCi2 + Li 
THF 

_ [Me*Ge:] 

I 2 CH3C6H&H=CH2 

CH3C6H4 

l,d 

C6H4CH3 
+ polymer 

Me’ ‘Me 
(43 %I 

Chart 8. Synthesis of some germacyclopentanes. 

R’ 

R&e 3 
R’ R’ 

&d-k H202 _ 

THF; 0” 
- R,Ge 

3 

NaOH 
R2Ge 

R2 R2 R2 

I 

/8, 
__ q 

OH 
(70-90%) 

-so, Et20 p-N02C6H,C03H 

R’ R’ 

R2Ge 
3= 

0 
(I) LiAIHd 

R2Ge 
T 

OH 
(2) Hz0 

I?2 
(85-$&d 

R2 
t80-90%) 

+ p-N02C,H,COOH 

(R=bIe,Et;.R’=R*==H; R’=Me,R*=H; R’=R*=Me) 

Qlart 9. SYMh&iS of g~rma~yclopentanols, 
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Deuterated gei-macyclopentanes containing Ge-D or C-D bonds have been prepared 

for mass spectroscopic investigations, by the following reactions [53,54] : . . 

I,Ge 
3 

+’ LiAlD, . . - D2Ge 
3 

+ AlI, + LiI 

C2H50CO-C=C--COOC2H5 
02 /Pt HBI- _ 

t_iAlH,; Et,0 
OHCH$ZD,CD,CHzOH - 

(1) Mg; Et20 Ph\ ,CH2-CD2 er 

BrCH2CD2CD2CH$3r 
(2) Ph,GeBr, ph/Ge‘cH cD 

1 

2- 2 

Hydroboration [55, 561 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 diorganogermacyclopen- 
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 hut, under more drastic conditions, the ring opening does 
take place [21,40]_ Some of these reactions are compiled in Chart 10. Diethylgermacy- 
clohexane reacted with concentrated sulfuric acid only above 30-40°C. 

In a short communication catalytic dehydrogenation 1573 of diorganogerma- and 
diorganosiia-cyclopentanes in the presence of Pt/C (IQ%) or Al/Q/K (84/14/2) catalyst 

has been reported to yield unsaturated derivatives: 

phtTfph catalyst_ pht;Tph + phtTTPh + Ph-lg-ph 
Me/ ‘Me 600° C Me’ ‘Me Me’ ‘Me 

M 
Me’ ‘Me 

(M = Si,Ge) 

Seyferth and coworkers found the insertion of phenyl(bromodichloromethyl)mercury- 
derived dichlorocarbene to occur at the P-C-H bond of diethylgermacyclohexane [58j. 
Pyrolysis of the insertion product resulted in germyl-substituted chlorocyclopropane. 

Et,Ge 
3 

i- Ew2 
A12Br6 

- Et2GeBr2 + C,He 

I cold cont. no reaction 
*so4 

HBr 
(EtpGeBu&O - 

Et2YeBr 

EtMgBr 
- Et,GeBu 

.Bu’ :. 

chart 10. Rig opening reactions of gerrnacyclopentanes. 



J38:_ ‘. . 

,:-. -:. :. 
-’ . . .: )’ 

: cc.1, -: - it&e 

2 

.2000 . . 
- -’ 

2h 

CCI,H 
(il%) 

THF Li + t-BuOH 

(mixture of cis and 
trans isomers 1 

Et,Ge 

3 Me 
(68 or,) 

Dihydrog&nacyclanes are liquids which could be distilled without decomposjtion. 

They should be stored in an inert atmosphere because of their high sensitivity towards 
oxygen [40] _ Whereas dihydrogermacyciopentane oxidises rapidly in contact with air, 
the oxidation of dihydrogermacyclohexane tases place in several stages (see Chart 11). 
Diorgan&ermacyclopentanols are liquids which could be distilled under reduced pressure 
without decomposition. They are easily cleaved by protonic acids to give linear oleftic 
derivatives [59] : 

.R’ 
Et,Ge a .+HX - EtqeCH,CH-C=CH, + H20 

=\H$ 
X R’ R2 

(R’=R’- __H, Me; R’=Me,R”=H; X=F, CI,Br, I, Cl-&COO, C12CHC00, CICH&OO) 

3 H2Ge 
3 

+302 - 

[c 1 GeO + 3&O 

3 

-H2Ge‘ 
: 

+ $0, - C Ge 
,H - H20 -C ,H H, 

‘OH Ge\o/Ge 3 

&a&. Oxida& of dihydrogekkyclanes 
_- . . 



Et+CH, ),FHMe Et2yeCH2$HCHOHMe 

Br OCOMe H R 

Chart 12. Some reactions of germacyclopentanols and l-oxa-Z-gennacyclopentanes. 

The rearrangement of gdcrnacyclopentanols [60] in the presence of Haney nickel to give 
l-oxa-2-germacyclopentanes, as well as some reactions [6 1 ] of the latter compounds are 

given in Chart 12. 
A mechanism involving the intermediate formation of a germacyclopentad-one, 

has been proposed [60]. 

3. Spectroscopy 
* Bajer and Post investigated the +frared spectra 1431 of six-membered h~terocyclic 

systems: pba~ 
3: 

.( M = C, S.i. Ge, Sn, Pb I in the region 4UOOA50 cm-’ 
.: ._ 

and observed that in addition to the characteristic metal-phenyl absorptions 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 particularly 
characteristic pair of bands at approximately .1080 and-1025 cm-r _ ..I. :.. :.. : _- - 

: 



TABLE 6 
.INFRARED ABSORPTIOti DATA 1431 FOR SIX-MEMBERED HETEROCYCLIC SYSTEMS: 
PhzMmz)s ‘. 

M v (cm-‘) 

c. 2640 wQ - 905 m 
Si 2640 w 987 s 908 s 
Ge 2640 \v 987 s 913-s 
Sn 2640~ 970s 907s 
Pb 26SOw 965 s 909 s 

a w, weak; m, medium, s. strong. 

TABLE 7 
IR DATA FCR S.OME GERMACYCLOPENTANE AND GERMACYCLOHEXANE DERIVATIVES 

Compound k? IR absorption (cm-‘) 
(Iiquid fiIm) 

References 

H2 u (GeH) 2052s 

H, c1 v(GeH) 2081 

H, Pr y (GeH) 2023 

H. Ph Y (GeH) 2035s 

H2 Y (GeH) 2044s 

H, Ph u (GeH) .2023s 

21,40,65 

21 

21 

40,65 

40.65 

40,65 

p 0’ GeEt, 

Me 

u (GeOC) 1045,680 60 

The microwave spectrum [62] of germacyclopentane indicated the molecule to be 
permanently twisted into a C, conformation with a twist angle of 18O. 

The infrared (gaseous state, 4000 -250 cm-‘) and Raman (liquid state) spectrum of 
germacyclopt+zme and 1 ,l-dideutero-1-germacyclopentane have been reported. The large 

number ok polarized Raman lines is conclusive evidence that the molecule (germacyklo- 
pentarie) knot planai and the-data are consistent with the’tisted C, molecular structure. 
The 39 fun&me& modes of vibration have been assigned for both the compounds [63]. 

The infrared absorption bands-reported for various germacyclopentane aid germacy- 

cloh+ane derivatives are summarized in Table.7: .’ ‘. . . : 

PMR.sp&trdSctipy has been-used in the study of various reactions of.germacyclanes 

andh elucidattig the structure of the products obtained [60,61]. Some @MRdata for 
vakous ger&acycianes ire given in Table 8; i ._ 
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TABLE 8 
PMR DATA FOR GERMACYCLANES 

._ 

Compound ._ 

c GeEi, 

CCL2H 

Hd 

T 

Hc 

Et,Ge 
\ 0 tib 

Ha 

PMR data= (ppm) References 

. . 

J 6 (CC12H) 3.0 Hz 5.7 1 (doublet) 58 

6H, 3.5-44.5b 
6 Hc and Hd 0.7 - 2.2 60,61 
6Hb 1.25 
6 (Et and CH2 on Ge) 0.8 - 1.0 

Ha 

* 

CL 
EtZGe 

Cl 

6 (Ha and Hb) 2.13 (multiple0 85 

Hb 

u TMS as the standard. b C,D, as the solvent. 

Mass spectral data 153,541 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 result 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): 

Q 
77 

D 

D D 

Ge 
-CH2=CDZ 

H’ ‘6U 

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

D. Digemacyclanes, gemasilacyclane~ and germmtannacyclanes 

I. Preparanbn 
Mazerolles et al. 1661 observed that the action of diethylmercury on 1,3-bis(diethyl- 

germyi)propane leads to a mercury derivative which by pyrolysis, gives a cyclic compound 

(continued on p. 349) 
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with two adjacent intracyclic germanium atoms: 

3h reflux 
Et,GeH + I&~eCH,CH=CH~ p 

fk 
AQI BN 

Ph 

Et,$5e(CH,),yeEtp 
LiAlH4 

Et,0 
EQ.Ge( CH,&(pEt, 

Er Br l!l H 
(92 %I (80 %I 

-349: 

. . 

..- 

- 2 C2H6 

EtzHg 

Et,Geyg'GeEt2 _ heat 

U 
The digermacyclohexane derivative (in 57% yield) is obtained in the same manner from 

1,4-bis(diethylgermyl)butane. 

The synthesis of digermacyclohexanes has also been accomplished by hydrogenating 
1671 the corresponding cyclenic derivatives: 

/-LeMe M eaGe 
H2 

\=/ 2 
- MeBGe 

Raney Ni 
GeMe, 

L’ 

The thermal reactions of 1 ,l-dimethyl-1-germacyclobutane [34) have been carried out in 

static or pulsed flow systems at temperatures of 400450” and 550-6000 (see -under 

Properties of germacyclobutanes). At a contact time of 12 set and a temperature of 590”. 
the conversion of 1 ,l-dimethyl-1-germacyclobutane in the pulsed system was 80% and the 

yield of 1,1,2,2,-tetramethyl-1,2_digermacyclopentane was 38%: 

2 Me2Ge 3 - t YeMe 
GeMe2 

t_ C,H, +: CzHd etc. 

The product is probably formed by the insertion of the intermediate dimethylgermylene 
into the Ge-C bond of the four-membered ring: 

Me,Ge : + MeaGe 
3 

- 
._c 

GeMea 

c&Me2 

Henry and Noltes accomplished the first synthesis of a 1-germa4-stannacyclohexane 

derivative [6S] .9 the condensation of diphenyldistannane and diphenyldi~nylgerane. 
Similar qondkisation [4O] of dikktyldigerrkxie and di&ihyldi+nylgermanene gatie a:1,4_ 
dige~~cyclo@exan~ +erivative- The reactions are given in Chart 13. : 

.: .’ -. 
:-. 

-, 
j 
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.:; 
PhzSnHa + P%Ge(CH = CH212 

65-80° 
-izii-- 

..Ph 667 
SnPhg 

2w 
+ polymeric material 

(17%) 

Et@e(CH = CH2$ + Bu2GeH2 
reflux 2 h T--i 

benzoyi peroxide 
Et2Ge GeBu, 

\’ 
+ polymer 

( 17%) 

Chart 13. Syfithesis of some digermacyclohexane derivatives. 

Finally, a good route to these compounds starting from chloro(chloromethyl)dimethyl- 

germane has been reported [36,69] : 

Me2GeCtilCI 
LiAlH4 H2PtCl& 

A 

______1L Me,GeCH,CI 

A 
Me2SiCH =CH2 

Cl 

Me 
I Ye 

CICH,~e(CH&~iCl 
MS/Et20 

reflux 13 h 
Me GeASiMe 

2w * 
Me Me 

( 5 2 % 1 

2. hoperties and reactions 
Both 1.1,2,2-tetraethyl-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 digermacycIohexane de& 
ative is more 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. 

EtzGe - GeEtz 
Br2 

(. ) 

-80” 
f Et2Ge(CH2), GeEt2 

I I (n = 3,4) 

V32)n Br Br 

The ease of cleavage (663 is in the order: 

7-l .. 
Et26e:GeEtp _. 

_. 
Dichlorocarbene derived from ~heny&romodichioromethylmercu~ has been reported to- 

insert into PC-H bonds of a number of tetraalkylgermanes; of the trimethylene bridge of 

.: 

: 
. . 
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n PI 
Et2-. 

Se/ 
GeEt, Et2Ge GeEt, 

‘S’ 
(50 %I (80 ‘70) 

Chart 14. Some reactions of 1,1,2,2-tetraethyl-1.2digermacyclopentane. 

: cc12 - 20 min, 145’ 
refluxing benzene Et2GT 

Et aGe 3 CCL,H 

(64 %I 

Et2ye -kH, 

a E$GeCL Cl 

heat - Et2ye -yeEta +. CH,=CH-CH =CH, 

CL Cl 

(mixture of cis and tfans isomers) 

Chart 15. Some reactions of 1,2digerinacyclan&. 

1,1,2,2-tetraethyl-1,2digermacyclopentane and of the tetramethylene bridge of 1,1;2,2- 

tetraethyl-1,2digermacyclohexane. Pyrolysis of these insertion products resulted in 
7-elimination of &-Cl to give germyl-substituted chlorocycloprop&es. The reactions 
[58] are summarized in Chart 15. 

: 



352. ’ 

3. .Spectroscopy 
y Nametkin et al. investigated the infrared and Raman spectrum of 1 ,1,2,2-tetramethyl- 

1;2digermacyclopentane [34] _ The intense infrared bands at 920, 1010 and 1075.cm-! 
have-been assigned to deformation vibration of C-H bonds of.&e methylene groups in 

the five-membered ring. The Raman baud at 285 cm-’ has been assigned. to Ge-Ge 
stretching. The proton magnetic resonance spectrum [34] is similar to that of the corm- 

sponding disila compound_ [70] . 
The spectroscopic data and some properties of these derivatives are given in Tables 11 

and 12, respectively. 

E. Miscellaneous gemacycloalkanes 

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

EtaGeBrz + 6rMg(CH2)5MgBr 
Et20 

+ 2MgBr, 

(10%) 

Mazerolles and coworkers investigated the problem and accomplished the synthesis of a 

number of.germamacrocyclic compounds [72-741 by the following methods: (i) the 

action of sodium an o-dibromo derivatives of the type R2Ge [(CH,),Br] Z in various 

solvents; (ii) the pyrolysis of thorium salts of the type, [R,Ge{(CH&(COO)}z] zTh and 
(iii) the condensation of diesters of the type, RzGe [(CH,),COOEt] 2 _ The reactions used 
to prepare the products and their conversion into gennamacrocyclic derivatives are given 
in Chart 16. The reactions of the germaacyloins obtained have been used to synthesize 
a variety of other germamacrocyclic compounds_ Some of these reactions are summarized 

in Chart 17. 
These germamacrocyclic compounds have been claimed to’be useful as perfumes [74] _ 

Spectroscopic techniques (IR, WR 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. Gemacyclopentenes 

1. Pt-,_~vzrLz~~on : -. 
Mironov and Gar studied the reactions of trichlorogermane with butadiene and 

observed [75-771 the presence of a linear and a cyclic product in the reaction mixture: 
_ _. _. ..:. : 

H.&I =CH -CH =C!-12 + -HGeC13 -‘O” - CI,GeCH2CH=CHbie + Cl,Ge. i&MgCl 

3. 
. 

. 

Me3GeCH,CH =-CHMe +.- Me,Ge 
: zl 

(15%) (45%) 
(continued on p. 356, 

. . . 
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Et,GeBr., i- 2ClMg(CH2)q0 

:: 

B Et2Ge[(CH,),0 -0 O’ ]* + MgBr, + MgCI, 

HsP04, 230° 48% HBr, 4 h 
- Et,Ge[(CH2140H], + 2 1 

cl 
(77 %I 0 

n 
EQGe[(C%)sBr& + 2 Hz0 

2 tia 
- Et2Ge (CH2fg + 2 NaBr + DOlymer 

xylene 10 h reflux . 
(72 %I (21%) 

EtOH KOH 
Et2Ge~(CH214Br], + KCN - Et2Ge[(CH2),CN], HCl 

Et2Ge[(CH2)4C00 H], 
thorium nitrate - [Et,Ge[(CH,),( COOI),la h 

400”_ 

alcoBol, 95O 
(64 %I 

jCH2)4 \ 
2 Et,Ge 

b-l&/ 
c=o + ThO, + 2C0, 

(I 0 %I 

,(CH214COOEt 

Et2Ge[(CH2)4COOH12 H yz_H750 - Et2Ge 
2 4’ \ (CH,),COOEt 

Chart 16. Synthesis of germamacrocyclic derivatives_ 

(73 %I 

Chart 17. Some reactions of germaacyloins. 

_. ._ 

. . 
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SPECtROSi=6PIC~D;ATA FOR-DIGERM_4C+CLil’iEi, GERMASiLACYCLANES AND &IR 
REAaIOP;;I PR&b& __ t ’ .- i 

- 

-Compound : IR absorptions : PMRadata References 
(k-t > 

. . . 

Mq$e-_ .yeMe2 1075,lOlO and 920 
-I-- (deformation vibra- 

v tionsof C-H bonds 
of the CH2 groups in 
the ring, Raman band 
it 285 (Ge-Ge 
stretching) 

CCl,H 

Et,Fe 
CCL2H 

I 
Et2Ge 

3, 

M e,Ge ic5iMez 

6(Me-Ge) 0.25 ppm 
(singlet) 
Nol-CHs) 0.80 ppm 
(triplet) 
6 ( D-CHa) 1.65 ppm 
(multiplet) 

6(CCI2H) 5.88 ppmb 
(doublet) 
J 4.0 Hz 

6(CC12H) 5.85 ppmb 
(doublet) 
J 2.8 Hz 

s(CHa) 0.39 ppm ’ 
G(MeSi) 0.02 ppm singlets 
6 (MeGe) 0.20 ppm 
6 (CH2-CH2) 0.6-O-8 ppm 
(multiplet) 

e(Ge-CHZ-Si) -0.2 ppm c 
6 (MeSi) 0.0 ppm singlets 
&(MeGe) 0.15 ppm 
6(CHaXH+ZHa) 0.6-1.8 ppm 
(multiplet) 

_ 1 

a Operating fiequenc~ 60 MHz; %MS as the internal standard. ’ As neat liquids. c In CC4. 1 . . .: 

34 

58 

58 

36 

36 

66 
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TABLE 12 
.’ 

SOME PiOPERTlES OF DIGERMAtiCLANES, GERMASILACIYCLANES AND GERhASTAN- .-. 
NACYCLAXES . . 

Compound R R B.p. (“C/mm) ng d;’ other.. Refer- 
or m.p. (“9 dab ..eices 

reported 

Et2Ge’--- -=2 

LJ 
c&H 

MezG 

Me Me 

Et Et 

H 

CC12H 

Me 

Me Me 

Et BU 

1.5105 1.2743 IR, NhiR, 3’4 
mass spec- 
trum 

128/15 1.5159 1.2088 58,66 

NMR 58 

ng 1.5071 58 

112125 1.5159 1.1974 S&66 

NMR 58 

n;f’ 1.5080 58 

70-72112 1.4861 67,71 

120-12210.7 1.4932 1_11?8 : 40 
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TA&E 1.2 &oI&u*) ’ 

Compound- .-. k .. R’ ’ B:p.<o&n) izg dzo Other 4 Refer- 
or-m-p. (“C) : .. data ences :- 

reported 

264-263 71 : 

78151 1.4652 1.0439 IR, NMR 36,69 

57/10 1.4714 1.0477 NhlR 36: 

124-125 IR, NMR 68,118, 
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 expIained in terms of I $-addition of germanium dichloride formed as: 

HGeC13 * H’GeCl; =+ GeCIz + HCl : 

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

Me 

Hf=‘$E--CH =CH2 + HGeC13 - 

Me 

It ii interesting to note that the corresponding addition of trichlorosilane to. butadiene 
and ot&r conjugated dienes occurs exclusively by 1 &addition [78] and requires a catalyst: 

H2.C+H-CHsH2 + HSiC13 WC 
l CH3CH=CHCH2SiC13 

: . . 



TAB&E 13 
IR DATA FOR GEtiki~CROCYCLIC COMPOUNDS [;2j ._ -i_ 
Compound y(c=o; -(&Ii-‘) _ 

/ 
m-w4 

EtzGe \ >C=O 

(C&)4 

1700. 

/ 

(C&kc=0 1720a 

Et+e 

\ I 
(CH2)4CHOH 

/ 
(=b)‘,c=o 1700 

Et,Ge 

\ 
I 

(CH2)4C=O 

/ 
(CW4CH2 

EtzGe 

\ I 
(CH2)4C=O 

a Y (OH) 3500 cm-‘. 

1720 

,. 

Nefedov and coworkers found trichlorogermane dietherate to act as a good source of 
germanium dichloride_ With butadiene it gave a germacyclopentene derivative in high 

yield 179-811: 

H,C =CH -CH =CH, + HGeCk,-2Et20 
-30” 

- [-CH2CH=CHCH2GeC12-1, + Cl*Ge 

(lo-30%) 
ZII 

(65-SO%o) 

The authors suggested the following mechanism for the reaction [79,80] : 

HGeC13*2 Et20 & CGeCl,l + 2 Et,O. HCI 
H2C =CH -CH =CH2 

The analogous addition of tribromogermane to butadiene has been reported to give a 
mixture of linear and cyclic products with the linear derivative predominating 182; 831: 

H,C=CH -CH ‘_CHp f er,GeH ___L Br,GeCH,CH=ClyiMe + BrzGe 

_-.Et‘;d. : 
c 

MeMgCL. 

Me3GeCH2CH =CHMe + 

(70 %) 



TABLE 14 .,- 
~’ 

PROPERTIES OF MISCELLANEOUS GERMACYCLOiLKANES 

Compoads R B.p. (“k/mm) .20 
D dzo 4 References 

or m.p. (“C) 

Et 101.5/16 

H i49-150/760 

140 

1.4814 1.0641 8 

1.4938 1.1694 8 

a 

116-117/O-6 1.5008 1.0628 72 

123/1-l 1.5005 1.1096 72 

105/0.1 1.4983 1.1521 

(CH2)5C=O 
/ 

Et2Ge 
\ I 

140/l 

(CH&C=O 

1.4957 1.1188 

72 

13 

Et2Ge,(C”34CHOH 

\ I 
152tC.6 

(CH2)4C=O 

1.5084 1.1644 12 

/ 
(CH&CHOH 

Et2Ge 

\(CH2)&=0 
I 

190-195/1.5 8,13 

‘./ (CH&CHOH 

Et2Ga 
\\ (CH2)4CHOH . . 

1.5 148 1.1529 

1.0104 

72 

8,73 Et2Ge(CH2)14 . . 135~0.045 

. . 



: The. addition of germanium(U) iodide to isoprene, butadiene and 2,3-dirnethylbutadiehe 

yields diiodogermacyclopentenes [47,48] : 

ff,C=$-CH=CH2 Me- 

Me 
12Ge 

3' 

GeIa 

H,C=CH-CH=CH,- 

100”; heptane 
I,Ge 

zl 

H&=5--f=Ctc, 

MeMe 

Me . ..' 

On the other hand, no reaction occurred with 

above undergo [48]. 

reduction, alkylation or arylation thus providing various other-ger- 
18). 

Recently SatgC and coworkers have the condensation 

Et*0 
LiAiH, --L 

3 h reflux 

(50 %) 

R' R' 

+ 2 AgX 
heptane 
reflux 

R* R2 
(60-70%) 

(X=Cl,Br; R'=R*= H; R'=R*=Me; d=.Me,R*=H) 

:. 

3 

R' 
R'-,'._ _.' 

12Ge + 2RMgBr - R,Ge 

R* 
z R2 . . . : _:y .. 

.(60-90%) 

(R'=H,Me;.k*= H,Me; R=Me,Et,Bu,Ph) 

_I ., 

. 

Qlart l-8. Synthesis of some gennacyclopentene derivatives. . . 



.3fia :. :. . 

. inediates with 1,3-dienes. to-be a convenient and high yield method of~synthesizing germa- 
eyclopentene~derivatives [84] : 

.& 
>Gk 

H 
., neat 

Cl Otyle 

- 

.l [a,R=Me and R =R*=H; b,R=R’=H and RT=MeJ 

2. piollerties 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 lOtI--120” has been reported 1461. 

it has been shown [48] that hydrogen halides cleave one intracyclic Ge-C bond of 
diethylgermacyciopentene giving a diethylhalobutenyl derivative with terminal double 

bond, whereas halogens simultaneously cleave both the n&acyclic Ge-C bonds yielding 
diethyhiihslogermane: 

HX 

/ 

Et2yeCH2CH,CH = CH, 

x - 
(R’=R*=H; X=CI,Br) 

R’ 
Et-* - 

-t- 
-80” 

Et,GeBr, 

( R’ = R2=Me) 

k Et2Ge12 
room temp 

(R’ =R2 tMe.1 

On the other hand, it-has been observed that chlorine reacts with dichlorogermacyclo- 
pentene 1771 and bromine with dibromogermacyclopentenes [8] at the double bond: 

-2 

-80” 

E3r 
R 
R’--m ., 

Br 

Cp =R’=H,.Me; R =H, R’=Me) 
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The reaction of dichlorocarbene (generated via CHC& + Me&OK or E%HgC&&) with 

l ,l-diethyl-l-germa-3-cyclopentenes has been shown to give 3,3-&ethyl-6,6-dichlora-3- 
germabicyclo [3_ 1 .O]hexanes which are not very stable thermally and &IS give .a germa-‘.:... 
qciohexadiene derivative [SS] : 

R’ R' 

cc12 
- 

R2 
-. 

CR’ =R2 =H; R’-Me,R’=H and RI-R’=Me). 

The intermediate adduct couid only be isolated as a.pure substance when Rr = R2 = I-%. ’ 
Methyl substnution 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 summarizea 
in Chart 19. 

Ni/H:! 

EEt0t-i 
MezGe 

3 
(lOO%> 

R’ 
0’; H,O, , Na 0 H 

R’ 

120” H,/Ni 

I 

R 

sealed tube 

( R =H,Me; d = H,Mef Cl 

tR==R’=H; R =Me, R’=H 
and R =R’=Me) 

Chart 19. Some reactions of germacyclopentenes. 

The reactivity of germacyclopentenes appears to be dominated by the nature of the 

substituents both at the ciouble bond and at the metal atom. The reactions are accom-. 
parried either by ring opening or by addition to C = C bonds with preservation of the _. 

GeC4 ring system. 
. . 
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‘Yarkus spectroscopic‘techniques e;g_ infrared [46,4& 77,83,84]; Raman [46,76,77, 
83j JWR- [77;‘84, k] , US! [77]. and mass spectroscopy 1541 have. been used to establish 
the struktkes tif various germacycloprktenes as welt as their reaction products. Some 
spectioscopic data are given in Table 15, and some properties of germacyclopentenes are 

&mma&ed in Table 16. ‘. 
(continued on p_ 365) 

TABLE 15 
SPECTROSCOPIC DATA FOR GERMACYCLOPENTENES 

Compound v(C=C) 6a 6b 6c 
&in-‘) 

. . -. 

(in CCL+) Refer: 

ences 

YE. GeMe, -.. 15.99 (CH=CH); I.44 (CH2); 0.90 (Me)] 76,77 

1640 2060” 48 

1620 1.83 1.75 5.66 84 

a 

1635 2030= 1.75 I.53 5.54 

a 

a 

6(GeH)- 4.33 84 

84 

. . 

-106fb 1.72’ ‘I.58 -. e(OMk)-3.35 84 
.1. : :. . . 

2 .! 
_: .: 

: 

{~ontkued) 
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TABLE 15. (kntinued) : : _,.. .I 

Qxnpound : ‘. u(C=cJ % at, 6, 
(in Cm) . . . . Refer- 

(cm-‘) ences 

1640 2045= l-74 1.82 

a b 

a 

_ 

c) I @p 
'Cl 1610 

C 

Me 

1.78 2.04 

5.88 1.70 

6.00 2.01 2.26 84 

2.05 

6(GeH) 4.78 

84 

85 

84. 

Q u (GeH). b v (GeOC). 

TABLE 16 
PROPERTIES OF GERMACYCLOPENTENES 

compound RZ B-p. (“C/mm) ng d;’ Other data References 
Oi m-p. (“C) reported - 

C. I GeR$ a2 52110 1.5223 1.5762 IR, Raman, 46,73,76,. 

: NhiR .77,80,81 
Br2 99.Sf20.5 1.5880 2.1742 IR, Raman 82,i3 

12 
7710.2 -55 
29 

h-fez -119/x3 1.4712 1.1273 IR,iaman, 46.75.76, 

Et, 
mR 77,82 

65117 1.4813 1.101~ ; 55,85 

.‘.. i 

[contfmed) 

: 



b&LE -16 icotitinued) 

-Com&md -1 I- : Rz &I. (“C/mm) ng da* Other data Referencks 
or m-p. (“C) reported 

a2 

Br2 

12 

HZ 

Me2 

Etz 

98134 
125/25 

1171760 

1391741 

89124 

Et, H 

Et, Cl 

58116 
lllO/15 

Q2 

12 

Hz 

0 

Me2 

120126 

32-34 

1421760 

190-191 

71127 

Etz 102126 

Bu2 

*2 

Et, Cl 

Et, OMe 

Ph, F 

Ph, Cl 

Ph, Br 

Ph, I 

Ph, I-I 

Ph. OMe 

161/36 

142.5jO.25 
40-41 

116/20 

92114 

124/15 

156117 

174115 

SO/O.04 

94/l .5 

114j2.0. 

Et, Cl 112137 

Ph.Cl’ 114/U 

1.5128 1.4694 

1.5825 2.059 

1.6515 2.319 

1.5212 1.2751 

1.4740 1.1041 

1.4805 1.0754 Mass spec- 

trum 

1.4870 1.1253 IR, NMR- 

1.5014 1.2701 IR, NMR 

1.5178 1.4249 

1.5025 1.1765 

1.4799 1.0902 Mass spec- 

trum 

1.4850 1.0625 Mass spec- 
trum 

1.4820 1.0059 

1.5056 1.2414 IR, NMR 

1.4832 1.1441 IR,NMR 

1.5390 IR, NMR 

1.5610 IR, NMR 

1.5820 IR, NMR 

IR, NMR 

1.5605 1R;NMR 

1.5420 IR, NMR 

1.4966 1.2442 IR, NMR 

-1.5590 IR. NMR 

48 

48 

48 

48 

8 

54,83,85 

84 

84 

48 

48 

48 

48 

48.54 

48,54,8,2 

48 

48 

84 

84 

84 

84 

84. 

84 

84 

84 

84.- 

84 



G. Gemacyctopentadienes and germacyclohexadienes 

I. Preparation 
The reaction between germanium tetrachloride or organohalogermanes and 1 ,&dilithio- 

1,2,3,44etraphenylbutadiene has been succesfuhy employed for the synthesis of a number 
of germacyclopentadiene derivatives [86,87] : 

2PhCECPh + 2Li 
Et,0 

w 
16 h shaking 

Ph Ph 

Ph+-&=CPh 

Li :i 

(60%) 

Ph,Geclp 
C 

1 Gec, _ 

Ph 

Ph 

Curtis that the reagent the chlorides PhGeCL GeC14, 
than versa, chloro-substituted germacyclopentadienes in good yields [88,89] : 

GeCh 

Ph Ph 

Ph--C=!-CL-Ptl 

I I 

(5%) 

(47%) (25%) 

The digerma derivative arises from the halogen-metal exchange sequence: 

Ph Ph ‘;‘h ‘;h 

+ Ph-$=C-C==-Ph - 

Li l_i 

Ph Ph 

Ph 



Fe &.I+-substituted. germacyclopentadienes undergo certain reactionswithout ring- 
qenin,o and thus have been used to synthesize other germacyclopentadiene derivatives 

: Ph Ph 

Ph Ptl 

NH40H 
+ 

CH$& 

BuLi, THF 
. 

Ph Ph 

Ph. Ph 

Ph Ph 

Ph Ph 

Me,SiCI -_ 

Ph Ph 

The compounds containing dibenzogermacyclopentadiene [90,91] and the hetero- 
cycIic germanium-indene system [92] have been synthesized by the following reactions: 

Q&-J ;;-;J;;x_ w CeC14 Qx& 

6r ar Li / 
(46 %I (29 %I 

au Ph 

Ph-CEC- Ph 
BuLi. hexane 

Li+ 
Getig 

TMEDA 

Li+ 

TMEOA = N, N, N: N’- tetramethylethyienediamine 

Massey and Cohen studied a number of reactions of 2;2’-disubstituted octafhrorobi- 
phenyis [93-951, some of which have been used to synthesize germanium containing 

heterocyclic compounds: 

F FF F- 
(62%) 

.. 

_: :. 
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F FF F 

A direct synthesis ofthe perfluorogermaspiran has also 

+ 

PhaGeCIg 
- 

Ge 
Sealed tube 

390° 

Ph’ ‘Ph 

F F 

F 
(48%) 

been reported [96] : 

F F. 

F F 

2. Properties and reactions 
The germacyclopentadienes described above are solids 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): 

12; sealed tube 
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.On the tithei hand, the germacyclopentadienes undergo ring-opening when allowed to 
rea&,jthhajogens [97]-:. 

_..:. __, 

k---- k- R. Fi 

II 

i ; j 

R.M R 

_. c::‘. &. R;-y-_C=&;=~-R 

X R X 
10-l 3 

R .-R 

(R and R'= alkyl,aryl.cyano.etc-; X=CL E3r; M=Ge,Sn,Pb) 

Hota and Willis investigated Diels-Alder type addition reactions of 1.Ldimethyltetra- 

phenylgerma&clopentadiene [98] _ The reaction with maleic anhydride gave the expected 
norbornene adduct: 

Me, Me 

GeY Ph 
Ph 

0 0 

lx 

Ph Ph 

I I -I- 
c 

, o 75, s;;l;d tube 

- w 

I 
Ph Ge Ph 

0 

' 'Me. 
0 Ph Ph 

Me 0 

Attempts to prepare 7-germanorbomadiene adducts by similar addition reactions with 

acetylenes failed probably because of the instability of the intermediate bicyclic adduct 
1981: 

::i!gc + 
Ge 

F3C-EC-CF3 ____c 

Me' .'Me 

PhC=CPh + 

Me' 'Me 

~.Analogous reactions tiith phenyIacetylene [52] and dimethylacetylene didarboxylate 
[98; 9.91. have also been reported. Some other reactions [89] of ahloro-substituted germa- 
tiyclopentadiene a&given in Chart 20. 
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THF ._ 1. 

Ph/ ‘M(CO),Cp, 

Ph4C4 Ge(Ph)],O 

[M(CO),Cpy =Mn(C015; Co(CO),; Fe(C0)2-C5H5] 

Chart 20. SDme reactions of chloro-substituted germole. 

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

Ph 
- 

Ph 
c 

Ph 

MPh, 
- 

Ph 

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

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 half-life - 1 min. 

The germacyciohexadienes could be synthesized via the addition of dichlorocarbene 
to germacyclopentenes [85] (see page 361). 

Some properties of germacyclopentadienes and germacyclohexadienes are summarized 

inTable 17. 

H. Digemacyclohexadienes 

1. piepara tion 
The work of Vol’pin et al. showed that germanium diiodide is capable of adding to the 

carbon-carbon triple bond [12-151 to form cyclic compounds which were tentatively 
assigned a three-membered ring structure. Later, the mass spectral investigations by 

Johnson and Gohlke [ 161 and X-ray data 1671 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 [7 I] : 

HC=CH 

1130-140q 

2 Ge12 
I 

PhC=CPh 
220-2300, 2h 

I GFGeI 
2Q 2 

+ polymer 

(44%) 

Ph 

(cohaued on p. 373) 



370’ 

_: 
TABLE-*7- :I .-.-...i .- _. ..~ ..(.. _. . . : .’ 

PROPERTIES OF GERkAtiYCL0PENTAkEti;irjS.I GERMkCYCLOHEXADIENES AND &E&A- 
C~CLOHEPTADIENES 

z 
: .-. 

&mpound’. : ’ .. R2 M.p. (“C) or _..$X+er data 
‘b-p. (OC/mm) .reported 

References 

Me2 

197-199 88,89.97 
193-19s ‘. IR= 88.~ 

179-181 IR,NMR6 98,99, 
mass spectrum 125 

m2 198-199 

Cl, Ph 

H, fh 

Me& Ph 

Ph, OH 
ph, $0’. 

Ph,MnKO)s 
.Fh, Co(CO)4 

Ph, Fe(COIzC5Hs 

210-211 
187-188 IRC 

178-180 IR 
256-257 IRd 
255-257 IR 

144. IRe 
165 IR 

191-193 IR 

88,100, 
121 

88,89 

88,89 

88,89 
89 
89 

89 
89 

89 

98 

. _. COOMe 

98 

-. 

91 

._ -_ -‘. 
: ... _. : 

-1 : 
-. ._ ~ :: -- _. : .: 

.- 
.._ : 

: :_ 
. y, I 
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TABLE I7 (continued) 

Compound Rz M-p. (“c) oi Other data Reference!. 
b-p. (“C/mm) reported 

258-260 

235-236 

245-246 

86,87,89 

89 

90 
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. 
TAB@‘~~ &0~tihd) :. : : 

Compound -- I--. :_-:, : ..“2 M.p. (“C) OS Other data References 
b-p. (“C/mm) reported 

yF*F 

230.5-232 

Me 

7610.5 

100/0.7 

110-l 16/0.03 

165-168 

IR, NMR 

IR, NMR, 

T?Fs spectrum nD 1.5211 

d:’ 1.1878 

IR, NMR 
mass spectrum 

IR, NMR 
mass spectrum 

94,95.96 

8,85 

8,85 

143 

143 

(con+uted) 
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TABLE 17 (continued) 

CornPound R2 M-p. (O-C) ol- Other data Re$r&es 
b.p. (‘C/mm) reported 

: 

IR, NMR 98 

100 (dec.) IR, NMR, 98,99 
mass spectrum 

a v(Ge-H) 2060 cm‘-‘. b 6 0.67 (s, Me), 6.9’(m, Ph4). c 2056 cm-‘. d v (G&H) 670 cm-l_ e p(C0) 
2008,2014 cm-‘. 

These could be transformed to the corresponding alkyl or aryl derivatives by reaction with 

a Grignard reagent: 

(R=Me.Et,Ph) 

2. Properties and reactions 
The high thermal stability of these derivatives is apparent from the reaction conditions 

under which they are synthesized. 
The halogenated derivatives (251 are attacked by sodium hydroxide and the alkyl 

derivatives could be hydrogenated over Raney nickel 167,711: 



Ph Ph 

NaOH 
-7 

HX 

Ph Ph Ph Ph 

:‘\ HX 

(X = CL. Br.1) 

I - Hz0 

Ph Ph l-l 

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

heating to form vinyl compounds: 

Bl- Bi- 

x 

Me 
heat 

I 
Me2Ge GeMe, - E&e-CH=CHBr 

k--t 

I 
Me 

Br E3r 

The dichloro derivative has been shown to form adducts with cyclopentadiene [7l], 
whereas the methyl or phenyl derivatives do not add even at 160° t 

CL Cl 
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3. Spectroscopy 
In order to establish the six-membered ring structure of these derivatives (w.hich 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, 
u 

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 (572.cm-’ for MeaGe). A Raman band for the double bond ap- 
pears at 1557 for R=Me and at 1550 cm-’ for R=Cl [13-15, 19,711. 

The NMR spectrum of the methyl derivative (R =Me) has been shown [ 13,7 1 ] to 
consist ‘of two signals with relative areas of 3/l .-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= I) and the chloro (R = Cl) derivatives respectively. 

The mass spectrographic studies of these derivatives [ 16, 19, 1021 proved their six- 
membered ring structure with the two germanium atoms being in the 1,4-position. 

/=\GeCL The frequencies and modes of normal vibrations for the compound, CL2Ge 

l.z/ * 

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 GeCls planes are perpendicular to this ring [ 1031. 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”; Cl-Ge-Cl 103O. An electron diffraction study of 

/=l 
the molecular structure of CL,Ge GeCL, 

+J 

revealed that the most probable confor- 

/=\GePh mdrcated mation is that of a boat [ lg] . The cry&&structure of Ph,Ge 
u *-‘ 

the &-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-l,4-digemra-2,5-cyclohexadienes. 

Some properties of various digermacyclohexadienes are given in Table 18. . . 
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.‘TAB& ;S.‘. -. 

.PROPERTIES OF ~IGE~RM~:CYCL.OHEXADIENES I 

Crimp&.,- -. Rz M.p. (“C) or 
b-p. (“C/mm) 

Other data 
reported 

References 

Ph Ph 

Ph Ph 

n 

a2 145-146 

12 225-226 

Me2 67114 

149- 150 

a2 

Rr2 

12 

Me2 

Et2 

290-292 
317-31s 

301-303 

295 

239-240 

278.5-282.5 101 

IR, Raman, NMR, 13,18,67,71, 
X-Ray, mass 102,PO3,105 
spectrum 

IR, Raman, NMR, 13,18,19,67, 
mass spectrum, 71 
X-Ray 

IR, Raman, mass 13,18,19,71 
spectrum, NMR, W 
IR, mass spectrum, 71,104 
X-Ray 

IR 

IR 

IR, mass spectrum 

IR, mass spectrum 

IR, mass spectrum 

15 

15 

12,15,19 

15,19 

lS,l9 

IR 15 

15 
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Fig. 1. The s&ucture of 1,1,4,4-tetraiodo-1,4-digerma-2,S-cyclohexadiene 

Fig. 2. The structure of l,l,4,4-tetraphenyl-l,4-digerrna-2,S-cyclohexadiene_ [Figs 1 
from ref. 71.) 

and 2 are reproduced 

III. Cycloalkanes containing heterocyclic tin 

‘ihe synthesis of a stannacyclobutane derivative has been patented 11061. The enhanced 
reactivity df the hydrogen atonis on a carbon attached to electron-withdrawing groups has 
been utilized in the synthesis: 

EtOOC COO& 

EtOOC cqOEt 



._&o &attempt to synthesize’ 1 ;1,3,3-tetramethyl-1,3~ist~a~~lobut~e according to 
the reaction: 

. 

yielded just enough materid for an mfmred spectrum [107] which was quite similar to 
that of the corresponding silicon and germanium analogutq. 

But in general, it is the chemistry of five- and six-membered stannaeyclanes which has 
received much attention. 

A_ Srannmycfopentanes and sfunnacyc?ohexanes 

1. Preparation 
The reactions between diorganotin dihalides and di-Grignard [IO& 1101 or dilithio [43, 

f I l] reagents have been successfuBy used for the synthesis of these derivatives: 

R,SnX, + CLMg(CHE),MgCL 
Et20 

c R$in 

(!?=Me. Et; X = 8r.,I) 
: 

THF 
R,SnCl, + I3rMg-(CH;?l,MgSr - R$&‘, + TMgBr 

4 .R = Bu 7 &o-C&, i yield 52% 

5, i? = Bu-, neo-C,H,, Ph; yield 27-34% 1 

Me, Et, Ph , neo -C,&,; yield IO - 

Ph2SRCt2 f ti(CH,Q_i 
Et,0 

f 2LiCL 

A.rudogou&, using tin tetrachioride the spirocyclic derivatives could be obtained [64,109] : 

SnC14 + BrMp(CHz15MgBr 

Ho-75%) 
. . 

_:_ ._ s,. .' 
., -. Polster-.[l12-rl 141 reported the synthesis of a six-membered aluminium;heterocycIe 

which on treatment with tin halides gave st~~cy~lohex~es irrhigh yields: . 
-- 

-. Me 
t 

2i- &&A&f -I- 3H,C~CH-CCC,~=CH, 
760” 

I _ :. 1 : 
Me - 

: ‘. 
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: 

(65%) 

2. Properties and reactions 
The l,l-dimethyl and l,l-diethyl derivatives of stannacyclohexane are thermally stable 

and could be distilled in vacua without decomposition. The unusually (for tetiaorganotins) 
higb 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 l,l-dimethyl-I-stannacyclohexane 
[108] : 

m-- 
R = Et 

r- 

Et,Sn(CH,),CH$W 
I 
Ew 

R = Me 
Me.$n(CH&CH&Ir + 

I 
E3r 

The facile reactivity of stannacyclohexanes led Bajer and Post 143,641 to a detailed 
study of the reactions of 1 ,l-diphenylstanhacyclohexatie. Various reactions are given in 
Chart 21. Analogous reactions of the spirocyclic derivatives proceed via the rupture of both 
the rings [&I, 112,115,116]. : 

Although the halogen derivatives obtained (see Chart 21) provide a convenient route 
td a la@e number of l-substituted stannacyclohkanes, this possibility does-not appear to 
have been much explored.. 
’ In general the fitie- and s&-memb&ed cyclic compounds of silicon and germanium ark 

more‘stable tlkthose df tin. . 
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’ Br,.. CCL, . . .: - 
or HBr at 80° 

It.80 -85=’ 

-12. CCL4 

Chart 21. Some reactions of 1 J-diphenyl-I-stanvacyclohexane. 

-iike the corresponding germacyclohexane, 1 ,l-dimethyl-1-stannacyciohexane has been 
shown [58,117] to react with dichlorocarbene (derived from PhHgCClaBr): 

CCL2 _ _ Me,Sn 
2 Q ref Lux 

3 
. . 

‘CCL2H 

(50%) 

On pyrolysis, the insertion product gives stannyl-substituted chlorocyclopropane: 

Me,Sn 

3 

sealed tube 
-2 h , 180° 

c Me$in(CH, I3 ” f 
I H 

Cl 
CCI,H 

Me+-t(CH&, 

H 

(3.4 parts) (1 part) 

3. Spectroscopy 

Infrared study of the six-membered heterocyclic system: Ph2M 

3.. 

(where M.= C,Si, 

Ge,&,Pb) has been reported by Bajer and Post [43] ( see under germacyclohexanes and 

-- Table. 6). The spirocychcderivatives of the type : oa-(wh&e M=Siff,Sn) 

show a characteristic infrared-band pattern consisting pqticu!arly of two strong absorption 
bands v&h maxima centered at 990 and 910 cm-‘. While the latter band is relativelym: . . 
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TABLE 19 .- 
PROPERTIES OF STANNACYCLOPENTANE AND STAtiNkYCLOHEiWE DERfV~TIVES ‘-. 

Compound 

R@& 

.Rz B-p. (“C/mm) Other data References 
or m.p. (“C) reported 

Bu2 55/0.04 

(neo-CsHd2 61fO.32 

110 . . 
110 

Mel 

Etz 

Bu2 

b=-GHd2 

m2 

Ph, I 

Br2 
l,lO-phenanthroline complex 
2,2-bipyridyl complex 

M e,Sn 

3 
CC&H 

64116 
95114 

87--88/O-4 

73-73.5/o.ol3 
138-140/0.01 
14310.32 
219/O-45-0.85 
166/0.4-0.45 

218-220 
207-210 

Me 

Me 
71-77/0.0001 

f$Sn@,16 Me2 6814.6 

Etz 61-63/O-6 

(neo-C&11)2 99.510.24 
fi2 140/0.07 

nf---- 
(C&)4 %I (CH2)4 

uu 

nn. 
(CH215 Sn (CH2)5 

ww 

108-l IO/30 IR, mass spectrum 109 

119-120/10 rzg 1.5362,IR 64 

ng 1.5182 112;113,114, 
116. : _ 

108 
108 

110 

110 
IR 43,110 

IR 43 
IR 43 

64 

64 

112: 1.5330 58,117 

ng 1.4948 112 

110 
110 

110 & 
110 
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~varient (zk 5 cm-‘), the absorption band at 990 cm- r shows both an increased intensity and 

.a shift. to a loHit% fre&eficy of approximately 20 cm-’ most notickble for the tin-con- 

~taming hetkrocycle [64] _ _. 

The mass spectrum (under high resolution at 70 eV) of on( contained 

SnH’ as -the only tin hydride ion present in appreciable abundance [ 1091. 
Some properties of stannacyclopentanes and stannacyclohexanes are summarized in 

Table 19. 

B. Silastannacyclohexanes and Germastannacyclohexanes 

1. Reparation 
The hydrostannatiou of suitable vinyl compounds has been used to synthesize silastan- 

na- and germastannacyclohexanes [68, i 181: 

Ph Ph 
60-800 I I 

Ph,SnHz +- Ph,M (CH=CH,), - HSnCH2CH,MCH =CH, 4-8 h I I 
Ph Ph 

(M = Si’. yield 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 reaction resulting 
in the formation of metallic lead. 

2. Properties ad spectroscopy 

Both the stannacyclohexane derivatives are crystalline solids. These formed l/l..com- 
plexes when recrystallized from cyclic solvents e.g. benzene, toluene, pyridine or dioxane. 
These weak complexes readily decompose on heating, show the melting point of the. 
parent heterocycle and give &e parent heterocycle upon attempted recrystallization-from 

ethanol [68] i Infrared [68] arid-NMR [ 1191 data for these ljeterocycles are given in . . 
T?bleL$. :.: .-: 



TAkLE 20 
PROPERTIES AND SPECTR&COPIC DATA OF SILASTANNA- -AND GERMASTANN&CYCLO_ -;- ; : 
HEXANE .. 

Compound M.P. v (cm-‘) 6 References 

Ph rtn 

Ph-Si 1100 

,S _Si Ph, 134-135 ~;~6~~oubletl 1.63 (s, CH2) 68,118,119 

a b 

- GePh, 124-125 :I:: :::; 1.7 I (m, CH2(a)); 
1.83 (m, CH2(bN 

68,118,119 
CH2 2860 (doublet) 

C, Stannacyclopentadienes and related derivatives 

1. Preparation 
The synthesis of stannacyclopentadiene derivatives [86,87, 120-1231 has been 

achieved via the reaction of 1 P-dilithio-1,2,3,4_tetraphenylbutadiene (prepared by the 
dimerization of diphenylacetylene with lithium) with appropriate diorganotin dihalides: 

Ph 
I 

Ph-C=C-Li 
Ph- CGC -Ph + Li 

Et&? - 
16 h room temp. I 

Ph-C=C-Li 
I 
Ph 

Ph Ph 
- 

R2Sn 

cI 
- 

Ph Ph 

Ph Ph Ph Ph 
- - 

Ix 

Sn 
- - 

Ph Ph Ph Ph 

(R= Me,Vi ,Ph) (40-70%) 

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 synthes&It is 
essential that the lithio derivative be added to the halide, as Zavistoski a& Zuckerman 
have shown that the reverse addition leads to alkyl-tin. bond cleavage thus giving the 

spirocyclic derivative [ 124,1253 : ._:’ : ,. 
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e,P ..R... .. 
+ R2SnX 

-- 

Li . . Li 

._ . -(Qg 

I 

f+iR 
Es3,S n X4 -10 to -200 

(56-72%) 

(R = Et, au. Ph. P-totyt etc.,X = CI.BI-) 

( 12 -23 % ) 

(Ph,Sn15 

CR= Me,Ph; M =Si.Ge,Sn) 

CM = Ge,Sn) 

Ph -cs TklEDA 
C-Ph f 26uLi 

ChT22. SYMIWsis of some stannoles. 
(M = Si.Ge,Sn) 
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Ph Ph 

Me Me Ph Ph 

-t 2 MeLi 

The lability series is R = ethyl, methyl > vinyl > phenyl. 
A number of dibenzostannoles [126-1281, corresponding fluorinated derivatives [95, 

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

2. Properties and reactions 
These compounds are well defined colourless crystalline solids of high melting point. 

Only the hexaphenylstannole is faintly green and fluoresces when solid [ 1231. 
A detailed stud? of the behaviour of 1 ,l-dimethyl-2,3,4,5tetraphenylstannole towards 

electrophiles, particularly halogens revealed that the cleavage occurs preferentially at the 
olefin carbon-tin bond and not at methyl-tin bond [97, 129, 1303 : 

Ph Ph 

x2 - 
ph 

X X 

(X = Cl, Br) 

With the weaker electrophile, iodine, further reaction of the stannyl dihahdes does not 

occur up to temperatures of 100” and hence mixed halobutadienes could be synthesized 
according to the reaLcion scheme [ 1301: 

The stannyl derivatives have been found to undergo a variety of reactions leading to some 
remarkable syntheses [129-1331: 
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j’h Ph 
x = 6r ; 125-140” .. 

- N; Ekz, triglyme 
Ph 

-M 
I - ---NiBr, 

Ph Ph Ptl 

ph .. 
heat 

Ph Ph 

C&&, UV, 8 h 

x=1 

Some reactions of spirobistannole are gL A below [ 1263 : 

(84%) (14 % 1 

-E&h et al. [EM] observed the reaction between I ,1-dimethYl-2,3,4,5-tetraPhenYl-l- 
stannacyclopentadiene and phenylboron dichloride to proceed via metal-metal exchange: 

F3-l’ 

FJh’eJPh -f- PhBCt 

Ph Ph 

cc14 of 

A 

2 
=H3w5 

Me Me Ph 

~a.kpdY .the rexSOn of a stannacyclohexadiene derivative [ 144,145] with phos- 
phorus or arsenic trihaiide has been used to synthesize phosphabetiene or arsabenzene: 

. . 
. . 

., 
:. 



PEW, 

387, 

f @i.$Br, + HBr 

+ Bu2SnCLz + HCL 

3. Spectroscopy 
The ESR spectrum of the radical anion of 1 ,l-diphenyl-2,3,4,5-tetraphenyl-l-stanna- 

cyclopentadiene showed one main line with two satellites due to hyperike interaction 
with 117,11gSn species [loo] . 

The mass spectrum of I showed relatively strong peaks at. the positions and with the 
isotopic distribution expected for (I minus II)+ and (I minus Ph)“; other peaks indicated 
the presence of PheSni and higher molecular weight diphenyltin polymers [ 128]_ 

Some properties of these compounds are summarized in Table 2 1. 

D. Miscellaneous stannacyclanes 

KuiviIa 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 [ 1431 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 iV-bromosuccinimide resulted in the ring cleavage and the formation 
of 2,2’-dibromobibenzyl[ 1431. 

In the polyaddition of diorganotin dihydrides to l,S-hexadiynes, 1 ,ldisubstituted 
stanna-2,kycloheptadienes were obtained as by-products (12-28%) [137] : 

100”. 2h 
R,SnH, + HC-C(CH,),C -CH - 

0 \S” 1 
+ polytier 

. 
&‘R 

(R=Me, Et,Pr.Bu,Ph). 

(COtitimmi on p. 390} 



TABLE 21: 
PjZOPERTIES OF STANNACYCiQPEI’jT@IENS AND RELATED DERIVATIVES 

Compound RZ M-p. ‘(“Cl Other data 
reported 

References 

Ph Ftl 
\ / -. 

+f 
R,St 1. Me2 192-193 - H 

Ph Ph 
(CH2=CH)2 158-159 

Ph2 173-174 

Fh Ph 

281-282 MSssbauerd 

Et2 73 

J3u2 56 

(c~clo-GH11)2 104 

Phi 141.5 

(~MeC&b))z 108 

(O-PhC&j2 1961196.5 

ESR, MGssbauerQ 

Mijssbauerb, 
IR, mass spectrum 
Miissbauerc, ESR 87,97.100. 

87,97,100, 

123,125 

125,129-132, 
134 

87,125 

UV, IR 

IR 

IR 

IR, W, 
mass spectrum, 
Mi%sbauer= 

1R 

iR 

: 
I 

87,120,123, 
125 

126 

126 

126 
126,127,128 

126 

1.26 

126 
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TABLE 21 (continued) 

Compound R2 M-p. (“C) Other data References 
reported _. 

Me2 

PfJz 131-133 IR 

95 

95 

227-229 1st 95,96 

Bu ,Sn 

(-> 

144,145 
- 

.. 142 

a 119i Sn MBssbauerisomer shift (mm-set% with respect to SnOi at 77 K 1.23 r 0.06. b.i~25&0.06. 
= 1.19 +- 0.06. d 1.30 2 0.06: e 1.20 f 0.06. 

:- 



\ 
SnCL4 

Cl& 

-/- \ 5>- -. . . - ._. 
Li 

! 36%) 
+ polymer 

Mk he 
(73%) 

O (87%) 

(90% 1 

Ch& 23. Synthesis of some seven-membered tin-beterocycles. 

Photolysis of 1 ,l-diphenyl-1-stanna-2,6kycloheptadiene resulted in the ring-kcpansion 
yielding a.dista&nacycIotetradecatetraene [ 1381: 
Ph. .-Ph. 

:‘kJ/ 

Phs$t.+++ Ph,, :-+ :~~fy’+ 



R,SnH, + c 

(R =Et, R’= Ph; 41% 

PhBC12. 

R = R’=Me 

R ... R :. : 
-_: ;/ \ ... ..:, ./1 :;..:t- 

6’ ‘R 

(R -J Ph; 15%) 

(R =Et,17%; R = Ph, 22%) 

f polymers 

(R=Et, R’r Ph j !+L, 

B-Ph 

(R=Et ,R’=Ph) $2 

\ 

(50%) 
T 

chart 24. Synt&& and reactions of some sew& ani fourteen-membered tin-containing heterocycies. 

,. 

. ;. 
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The:&ho& conclude the photoreaction to involve a radical process with fission of the 
tin&xb~n bond. 

.The syntheses [139,1+0], reactions [14d, 1411 and spectra 1140, 1411 of seven- and 
fourteen-memberdd tin-containing heterocycles have been described by Leusink and 
coworkers. These‘ are given in Chart 24. 

Some properties df miscellaneous stannacyclanes are given in Table 22. 

TABLE i2 
PROPERTIES OF MISCELLANEOUS STANNACYCLANES 

Corkpound R2 B-p. (“C/mm) Other data 
or m-p. (“C) reported 

References 

1 2 

Me2 30-32/O-2 ~~fp 1.5280 137 

Et2 74-76l5.0 IZ~ 1.5308 137 

fi2 64-6510.02 JZ~ 1.5213 137 

Bu2 90-92JO.08 ?g 1.5174 137 

Ph:! 147-HO/O.3 n; 1.6226 137,138 

Me2 

Et2 

Et, Ph 

88-9OJO.4 
41-42 

9%9610.4 

IR, NMR= 

IR, NMR 

139,140,141 

139,140 

139,140 

Et2 93-9810.08 

ma 98-100 

IR, NMR 139,140 

139,140 

109-120/0.02 -135,136,143 

Me2 

IR, NMRb, 
UV, mass 
spectrumd 

130-135/O-2 ng 1.6130 

138-141 
Ph2 

146-147 

IR, NMR=, 
W, mass 
spectrum= 

~_ 

. . 
(continued) 

_: -. 



TAFSLE~22 (continued) 
-. ., .- 

Compound -R2 B.p. (“C/mm) Other data 
or m.p. (“C) reported 

References 

Q2 106-106.5 W 135,136 

0 135 

s 274-275 135 

135 

135 

145- 146 138 

282-285 - 

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

Compound R2. ‘- B.p. (“C/mm) Other data 
or m.$ (“Cl reported 

References 

217-282 139,140 

=6 (in CCl4) 6.32 (HUN. 7.50 (H(2)), J 14 Hz. b 7.6-6.8 (m, Ar), 3.1 (s, CH2). 0.5 (s. Me). C 7.7-6.9 
(ti, Ar), 3.17 (s, CH& d Metal -containing fragments: C16H&n+, C1sH&?. C~SH&I’, Cr&I@n’, 
C&sSn+, etc. eC&&n*, C2fi17Sn’, Ct4H11Sn*, C&r&n*, C,zH&n+, CgHsSd, etc. 

. 

IV. Cycloahnes 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, 
IJdiethyl-1-plumbacycIohexane was prepared as early as 1916. 

Griittner and Krause 11463 reported the synthesis of 1 J&ethyl-1-plumbacyclohexane 

according to the reaction: 

Et,Pb C$. f 5rMg ( CH2 >5 MgBr 
Et20 

- Et*Pb 
3. 

The analogous diphenylpIumbacycIohexane has been prepared by Bajer and Post via the 

reaction (433 :. 

Ph,PbCt, + Li (CH, &Li 
Et,0 

- Ph,Pb 
3. 

The compound proved to be quite sensitive to light and air, forming a coloured resinous 
solid; .i 

The @ethyl compound was slowly oxidized by air, giving a brotin oxygen-containing 
resin, The cyciohexane ring was cleaved by bromine [146,147] : 

EtaPb (C&)5Br 
1 
Br 

EtMg Br 
D Et3PbUi&jBr 
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Using the method of .Griittner and Krause, the synthesis of some plumbacyc!opq$nes 
has been, accomplished [ 147’1: 

BrLCH,),Br + 2 Mg 

-.: 
Et2? - ~8rMg(CH,14MgBr 

R&‘CLz 

(R =Et,70%;R=Ph) 
,- : 

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

RCOOH 

ring cleaved; Pb6rz 
deposited at room temp. 

LX=Cl,Br; R= Me.CLCH,) 
Chart 25. Some reactionsof plumbacyclanes. 

Potassium hexachloroplumbate [ 150,l S I] has been used as an excellent starting 
material for the synthesis of organolead compounds_ Juenge and Jack accomplished [ 1481 
the synthesis of Splumbaspiro [4,4] nonane by reaction of tetramethylenedimagnesium 
dibromide with potassium hexachloroplumbate in diethyl ether: 

K2PbCl, + 2 E3rMg(CH2 14MgBr ““” ; cm3 -i- 2 KC1 +4Mg6rCL 

I 
(-9%) 

However, Wi.ims [149] claims to have obtained the sp&ocyck compound in much 
better yield by using lead dichl&ide as the starting mate&l: 

THF 
2 PbCl, + 2 CLMgLCH,),MgCL - C3. Pb + Pb -t- 4MgCL, 

( 65 %I 
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~T’li@&tem$ to synthCs~~:dplu~das~~io[5;5]undecane via the’reaction betweenpotas- 
sium hexachloroplumbate and pentamethylenedimagnesium dibromide has been shown : 
.to gi& 1 .!-~~pentylplumbacyclohexane, probably by incomplete ring closure [ 1481 i The 
5plumbaspiro [4,4]nonane can be polymerized by. heating at 120° for several hours, or by 

storage-at :O” forseveral months, or by refluxing in benzene with benzoyl peroxide. The 
p&bacyc!o-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- 

( 30 % ) 

Seven-membered ring systems have been synthesized analogously 11431: 

CR =Me,Ph; M =Si,Ge,Sn,Pb) 

Finally hexaphenyl$umbole has been synthesized [97,125 ] according to the reaction: 

Ph 
qr 

Li - -A== AC.=CLi: -t Ph,PbCL, 
-Ah .I .-. . . 

Ph 

(15 % 1 

Some properties of various plumbacyclanes are.summarized in Table 23. 

: Thus, in conclusion, cycloa&anes containing heterocyclic germanium, tin and lead 
constitute ,an interesting class of organometallic compounds. More kinetic work regarding. 
various reactions of these compounds; more .detailed spectroscopic investigations and ,. 
solution of the structural $roblems shoul_d follow in the near future. -.- ~ -. -.. . . 



,, ,. 
‘:‘I: -:. 

.- .I 

. ‘, . 

. “” j ‘_ 

.) 

.: 
’ ‘” :: 

.- “, 

. : -_ OI 

‘_ 9 
PPIFC - 
Zf f’ zs 

,’ *. 

: -..I 
- 

.’ . . 
.___ ‘-1, 

- 

,‘.. 

.I .’ ; 

-. 
-._. 

; ---.. 

:-” 



_- -. 





406 

References 

L C. Eabom, OrganosiIicon Compounds, Butterworths, London, i960. 
2 V. Bazant, V. Chavlovsky and J. Rathousky, Organosilicon Compounds, Academic Press, New York, 

1965. 
3 ML Dub, Organometallic Compounds, Vol. II, Springer-Verlag. New York, 2nd ed., 1967. 
4 kG. MacDiarmid (Ed.), Organometallic Compounds of the Group IV Elements, Vol. 1, Parts 1 and 

II, Marcel Dekker, New York, 1968. 
5 H. Shapiro and F-W. Frey, The Organic Compounds of Lead, Wiley-Interscience, New York, 1968. 
6 F. Glockling, 77ze Chemi.rtr_y of Germanium, Academic Press, London, 1969. 
7 W-P. Neumann. The Organic Chemistry of Tin, Wiley-Interscience, London, 1970. 
8 M. Lesbre, P. Mazerolles and J. Satgg, The Organic Compoundsof Germanium, Wiley-Interscience, 

London, 1971. 
9 W.P. Neumann, Pure Appl. Chem., 23 (1970) 433. 

10 K-A. Andrianov and L. Khananashvili, Organometal. Chem. Rex, 2 (1967) 141. 
11 I. Haidue, The Chemisfqp of Inorganic Ring Systems, Part I, Wiley-Interscience, London, 1970. 
12 M.E. Vol’pin and D.N. Kursanov, Izv. Akad_ Nauk SSSR. Otd. Khim. Nauk, (1960) 1903; Chem. 

Absfr., 5.5 (1961) 14419e. 
13 M.E. Voi’pin, V-G. Dulova and D.N. Kursanov, Izv. Akad. Nauk SSSR. Otd. Khim. Nauk, (1963) 

727; Chem. Abstr., 59 (1963) 10104e. 
14 LA. Leites, V.G. Dulova and M.E. Vol’pin, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, (1963) 731; 

Chem. Abstr., 59 (1963) 1010%. 
15 M-E. Vol’pin, Yu.D_ Koreshkov, V.G. Dulova and D.N. Kursanov, Tetrahedron, 18 (1962) 107. 
16 F_ Johmon tid R-S. Gohlke, Tetrahedron Letf., (1962) 1291. 
17 R. West and R.E. Bailey,J. Amer. Chem. Sot., 85 (1963) 2871. 
18 L.V. Vilkovand V.S. Mastryukov,Zh. Stt-ukt. Khim.. 6 (1965) 811; Chem. Absfr., 64 (1966) 12512e. 
19 F. Johnson, R.S. Gohlke and W.A. Nasutavicus, J. Organometd C~swz, 3 (1965) 233. 
20 P. MazerolIes, M. Lesbre and J. Dubac, C.R. Acad. Sci.. Ser. C, 260 (1965) 2255. 
21 P. Mazerolles, J. Dubsc and M. Lesbre, J. Organometal. Chem., 5 (1966) 35. 
22 M. Lesbre, J. Satge’and M. Massol, CR. Acad. Sci. Ser. C, 256 (1963) 1548. 
23 P. MazeroBes, J. Dubacand M. Lesbre, CR. Acad. Sci. Ser. C, 266 (1968) 1794. 
24 P. Rivii%e and J. SatgE, Angew. Chem.. Int. Ed. En&, 10 (1971) 267. 
25 P. MazerolIes, J. Dubac and M. Lesbre’, Tetrahedron Letr., (1967) 255. 
26 J. Dubac and P. Mazerolles, Bull. Sot. chim. Fr., (1967) 4027. 
27 P. Mazerolles and J. Dubac, CR. Acad. Sci. Ser. C, 265 (1967) 403. 
28 J. Dubac and P. Mazerolles, C.R. Acad. Sci. Ser. C, 267 (1968) 411. 
29 J- Dubac and P. MazerolIes, J. Organometal. Chem., 20 (1969) P5. 
30 J. Dubac and P. Mazerolles, Bull. Sot. Chbn. Fr., (1969) 3608. 
31 P. MazerolIes, J. Dubac and M. Lesbrg, J. Organometal. Chem., 12 (1968) 143. 
32 D. Seyferth, S.S. Washburne, T. Jula, P. Mazerolies and J. Dubac, J. Organometal. Chem., 16 (1969) 

503. 
33 N.S. Nametkin, 0-V. Kuz’min, V.I. Zav’yalov, G.Ya. Zueva, E.D. Babich, V.M. Vdovin and T-1. 

Chemysheva, Izv. Akad. Nauk SSSR. Ser. Khim., (1969) 976; Chem. Abstr., 71(1969) 30739f. 
34 N-S Nametkin, L-E. Gusel’nikov, R-L. Ushakova. V_ Yu_ Orlov, 0-V. Kuz’mjn and V.M. Vdoe, 

DokI. Akad- Nauk SSSR, 194 (1970) 1096; Chem. Abstr., 74 (1971) 4244bb. 
35 V.F. Mironov, S.A. Mikhailyants and T-K. Car, Zh. Obshch. Khim., 39 (1969) 2601; Chem Abstr., 

.72 (1970) 67064d. 
36 V.F. Mironov, T.K. Gar and S.A. Mikhailyants, Doll. Akad- Nauk SSSR, 188 (1969) 120; Chem 

Absrr., 72 (1970) 35412. 
37 D. Seyferth and C.J. Attridge, J. Organomefal. Chem., 21 (1970) 103. 
38 V.T. Aleksanyan, V.F. Mironov, S-A. Mikhailyants and T.K. Gar, Izv. Akad. Nauk SSSR, Ser. Khim., 

(1970) 2144. 
39 R. Schwarz and W. Reinhardt, C7rem Ser., 65 (1932) 1743. 
40 P. AMazeroUes, Bull. Sot. &tbn Fr., (1962) 1907. 



401 

41 P. Mazerolles and J. Dubac, C.R. Acad. Ski. Ser. C, 257 (1963) 1103. 
42 AS. Khachaturov and 0-M. Nefedov, Khim. Geterotsikl. Soedin, (1969) 927; 0zem. Abstr., 72. 

(1970) 111582x. 
43 F.J. Bajer and H.W. Post, J. Org. Chem., 27 (1962) 1422. - 
44 A-G. Davies and C.D. Hall, Chem. Znd. (London), (1958) 1695. 
45 A-G. Davies and CD. Hall,.Z. Chem. Sot., (1959) 3835. 
46 0-M. Nefedov, S.P. KoIesnikov, A.S. Khachaturov and A.D. Petrov, Dokl. A&ad_ Nauk SSSR, 154 

(1964) 1389; Chem. Abstr., 60 (1964) 12039L 
47 G. Manuel and P. Mazerolles, Suli. Sot. Chim. Fr., (1965) 2447. 
48 P. Mazerolles and G. Manuel, Bull. Sot. Chim. Fr., (1966) 327. 
49 0-M. Nefedov, MN. Manakov and A.D. Petrov, Do&Z. Akud. Nauk SSSR, 147 (1962) 1376; Chem. 

Absfr., 59 (1963) 5185s. 
50 O-M. Nefedov, M-N. Manakov and A.D. Petrov, Plaste Z&n&, 10 (1963) 721, 736; Chem. Abstr., 60 

(1964) 13266e. 
51 O.M. Nefedov and M.N. Manakov,Angebv. Chem., 76 (1964) 270. 
52 0-M. Nefedov and M.N. Manakov, Angew. Chem.. Int. Ed. Engl., 5 (1966) 1021. 
53 A.M. Duffield, H. Budzikiewicz and C. Djerassi,J. Amer. Chem. Sot., 87 (1965) 2920. 
54 A.M. Duffield, C. Djerassi, P. Mozerolles, J. Dubac and G. Manuel, Z. Organometal. Chem., 12 (1968) 

123. 
55 P. Mazerohes, G. Manuel and F. Thoumas, CR. Acud. Sccl. Ser. C, 267 (1963) 619. 
56 G. Manuel, P. Mazerolles and J.C. Florence, CR. Acud. Sci. Ser. C, 269 (1969) 1553. 
57 O.M. Nefedov and M.N. Manakov, Zzv. Akud. ffuuk SSSR. Ser. Khim., (1963) 769; Chem. Abstr., 

59 (1963) 8780d. 
58 D. Seyferth, H. Shih, P. Mazerolles, M. Lesbre and M. Joanny..Z. Organomefal. Chem., 29 (1971) 

371. 
59 P. Mazerolles and G. Manuel, C.R. AcQ~. Sci. Ser. C, 267 (1968) 1158. 
60 G. Manuel and P. Mazerolles, J. Organometul_ Chem., 19 (1969) 43. 
61 M. Massol, J. Barrau and J. Sat&Z. Organometul. Chem., 25 (1970) 81. 
62 E.C. Thomas and V.W. Laurie, J. Chem. Phys., 51 (1969) 4327. 
63 J.R. Durig and J.W. Willis, Z. Chem. Phys, 52 (1970) 6108. 
64 F-J. Bajer and H.W. Post, J. Organometai. Chem., 11 (1968) 187. 
65 R. Mathii and P. MazeroBes, Bull. Sot. Chim. Fr., (1962) 1913. 
66 P. Mazerolles, M. Lesbre and M. Joanny, J. Organomeral. Chem, 16 (1969) 227. 
67 M.E. Vol’phr, Yu.T. Struchkov, L-V. Vilkov, VS. Mastyukov, V.G. Dulova and D-N. Kursanov, Zzu. 

Akad. Nauk SSSR. Ser. Khim., (1963) 2067; Chem. Abstr., 60 (1964) 5532h. 
68 MC Henry and J-G. Noltes, J. Amer. Chem. Sot., 82 (1960) 561. 
69 V.F. Mironov, S.A. Mikhailyants and T.K. Gar, Zh. Obshch. Khim., 39 (1969) 2281; Chem. Absfr., 

72 (1970) 43815~. 
70 M. Kumada, K. Tamao, T. Takubo and M. Ishikawa, J. Organomeful. Chem., 9 (1967) 43. 
71 M.E. Vol’pin, V.G. Dulova, Yu.T. Struchkov, N.K. Bokiy and D-N. Kursanov,J. Organometal. Chem. 

8 (1967) 87. 
72 P. Mazerolles and A. Faucher, Bull. Sot. Chim. Fr., (1967) 2134. 
73 P. Mazerolles, A. Faucher and A. Laporterie, Bull. Sot. Chim. Fr., (1969) 887. 
74 P. Mazerolles, Fr. Pat. 1513324; Chem Abstr., 71 <1969) 13212m. 
75 V.F. Mironov and T.K. Gar,Zzv. A&ad. Nuuk SSSR, Ser. Khim., (1963) 578; Chem. Abstr., 59 (1963) 

3941h. 
76 V.F. Mironov and T-K. Gar, Do&l. A&ad. Nuuk SSSR, 152 (1963) 1111; Chem. Abstr., 60 (1964) 

1786e. 
77 V.F. Mironov and T-K- Gar, Izv. Akad. Nauk SSSR, Ser. Khim., (1966) 482; Chem. Abstr., 65 (1966) 

5481g. 
78 D.J. Bailey and A-N. Pines, ZncZ. Eng. Chem.. 46 (1954) 2363. 
79 0-M. Nefedov, S.P. Kolesnikov and V.I. Sheichenko, Angew. C’hem., 76 (1964) 498. 
80 GM. Nefedov and S.P. Kolesnikov, Zzv. Akud. Nauk SSSR. Ser. Khim, (1966) 201; Chem. Absfr., 

65 (1966) 743g. 



: 402.. 

81 S.P. Koksnikov, V.I. Sbiryaev and 0-M. Nefedov, IZV_ Ak~d. Nauk SSSR, Ser. Khim., (1966) 584; 
Chen-Abstr., 65 (1966).6705d. 

~82 V-F. Mironovand T.K. Gqr,izv_ Akad. Nuuk S.&R. Ser. Khbn., (1965) 755. 
83 TX: Gar and V-F.-Mironov, Izv. Akad. Nauk SSSR. Ser. Khim., (196.5) 855. : 
-84 hi. Massol, P. Rivi&re, J. Ban-au and J. Satg& CR. Acad. Sci, Ser. C; 270 (1970) ?37. 
8.5 D. syferth, T.F. Jufa, D.C. Mueller, P. Mazerolles, G. Manuel and F. Thoutias,J. Amer. SOC, 92 

(1970).657. 
86 F-C. L&vi& T.A. Manuel and F. Johnson, J_ Amer. C&em. Sue., 81. (1959) 3163. 
87 EC Lea&t, T-k Manuel, F. Johnson;L.U. Matternas and D.S. Lehman, J. Aher. Chem. Sot., 82 

(1960) 5099. 
88 M-D- Curt&i. Amer. Chem. Sot_, 89 (1967) 4241.. 
89 M.D. Curtis,/. Amer. Chem. Sec. 9: (1969) 60111 
90 H. Gilman and R.D..Gorsich, J. Amer. Chem. Sot., 80 (1955) 1883. 
91 I.M. Gverdtsiteli, T.M; Doksopulo, M.M. Menteshashvili and 1.1. Abkhazava, Soobshch. Akud. Nauk 

Gruz. SSR, 40 (1965) 333; Chem Abstr_, 64 (1966) 11239b. 
92 M.D. Rausch and L.P. Ktemann,J. Amer. Chem. SW., 89 (1967) 5732. 
93 SC. Cohen and A.G. Massey, Tetrahedron Lett., (1966) 4393. 
94 S.C. Cohen and A.G. Massey, Chem. Commun., (1966) 457. 
95 SC Cohen and A.G. Massey,J. Organometal. Chem., 10 (1967) 471. 
96 SC!. Cohen, M.L.N. Reddy and A.G. Massey, Chem. Commun, (1967) 451. 
97 H-H_ Freedman, U.S. Pot_ 3090797 (1960); Chem Abstr.. 59 (1963) 11560~. 
98 NX. Hota and C.J. Wills, J, Organometd Chem., 15 (1968) 89. 
99 J-G. Zavistoski and 5.3. .Xuckerman,J. Amer. Chem. SW., 90 (1968) 6612. 

100 R.E. De&y and RL. Poi!l,I Amer. Chem. Sot., 90 (1968) 1995. 
101 S.C. Cohen and A.G. Massey, J. Organometol. Chem., 12 (1968) 341. 
IO2 L.N. Gorokhov,Zh. Struk~ Khim., 6 (1965) 766; C7zem Abstr., 64 (1966) 129b_ 
103 E.G. Gal’pem aad L.S. Mayants,Zh. Strukt. Khim_, 6 (1965) 785; Chem. Absrr., 64 (1966) S946g. 
104 N.G. Bokii and Yu.T; Struchkov,Zh. Strukr. Khim., 7 (1966) 133; Chem. Abstr., 65 (1966) 122~. 
105 N.G. Bokii and Yu.T. Struchkov, Zh. Strukt. Khim.. 3 (1968) 838; Chem Abstr_. 70 (1969) 51781h. 
106 G.P. Mack and E. Parker, US. Pat. 2604483; Chem. Abstr., 47 (1953) 4358g. 
107 G. Berkowitz,Diss. Abstr. B, 29 (1969) 2334. 
108 G. Griittner, E. Krause and M. Wiemik, Chem Ber., 50 (1917) lM9. 
109 D.B. Chambers, F. Glockling and hi. Weston, J. Chem. Sot. A, (1967) 1759_ 
110 H. Zimmer, C-W_ Blewett and A. Brakas, Tetrahedron Lett.. (1968) 1615. 
111 L.I. Zakharkin, V.I. Bregadze and O.Yu Okhlobystin, J, Organomeral. Chem., 4 (3965) 211. 
112 R. Pofster,Ann., 654 (1962) 20. 
113 R. Polsttir; Ger. Pat. 1153748;Chem. Abstr., 60 (1964) 55lg. 
114 R. Polster, Ger. Put. 1156807; Chem. Abstr., 60 (1964) 4182g. 
115 R Polster,Befg Pat. 618626; Chem Abstr., 58 (1963) 14226~ 
116 R. Polster, Cer. Pat.-1150388;Chem Abstr., 60 (1964) 553d. 
l&7 D. Seyferth and S-S. Wasbbume, J. Organometal. Cham., 5 (1966).389_ 
118 J.G. Noltes and G-J-M. van der Kerk, Chimia, 16 (1962) 122; Chem Absrr., 58 (1963) 4658d. 
119 A.J. Leusink and JiG. Noltes. J. Oqanometai. Chem., 16 (1969) 91. 
120 F.C. Lcavitt and F. Johnson, ff.S. Pat. 3116307;chem. Abstr.; &O (1964) 6872e. 
121.ljoiv Chemie Co&X!X PQ~. 3412119; Chem. Abstr., 70 (1969) 106658f. 
122 UniotiQrbide Corp., US. Pat. 3426052; Chem. Asbtr., 70 (1969) 1066636. 
i23 ‘&II. Bray&W. Hiibel and I- Caplier, J. Amer. Chem. Sot, 83 (1961) 4406. 
124 J.G. Zavistoski, Diss. Absti B,.29 (1968) 526. 

125 J-G. Zavistoski &d J.J. Zuckerm&,J. Org. Chem.. 34 (1969) 4197. 
126~R.GeIhis,‘ffieti. Ber., 93 (1960) 17%. : 
127 R; Geiius;_4ngkw. Chem., 72 (1960)‘322.- : . 
I_?8 J%. Gaiciis, X erg- -Chem, 35 (I 970) 2t311. .- 
229 H.H. Freed&n,L Amtrr_ C’@ti Sot; 83 (1961) 2194. 
130 H.jf. i;ree&nan,J. Org. Chem., 27 (1962) 2298. : 



403 

131 H.H. Freedman,J. Amer. Chem. SIX_, 83 (1961) 2195. 
132 H.H..Freedman and D.R. Petersen,J. Amer. Chem Sot., 84 (1962) 2837. 
133 V-R. Sandel and H.H. Freedman,& Amer. Chem Sot_, 90 (1968) 2059. 
134 J.J. Eisch, N.K. Hota and S. Kozima,J. Amer. C&m. SOC., 91 (1969) 4575. 
135 H.G. Kuivila and O.F. Beumel, Jr.1 Amer. Chetn. SW., 80 (1958) 3250. 
136 0-F. Beumel, Jr.,Diss. Abstr. B, 21 (1960) 1370. 
137 J.G. Noltes and G.J.M. van der Kerk, Rec. Truv. Chim., 81 (1962) 41. 
138 T. Sato and I. Moritani, Tetrahedron Lett., (1969) 3181. 
139 A.J. Leusink, J.G. Noltes, H.A. Budding end G.J.M. van der Kerk, Rec. Truv. Chim., 83 (1964) 

1036. 
14S.A.J. Leusink, H.A. Budding and J.G. Noltes,J. drganometal. Chem., 24 (1970) 375. 
141 AJ. Leusink. W. Drenth, J.G. Noltes and G.J.M. van der Kerk, Tefmhedron Letr., (1967) 1263. 
142 P. Jutzi,J. Organomeral.~ C’hem., 19 (1969) Pl. 
143 J.Y. Corey, M. Dueber and M. Malaidza,J. Organometal. Chem., 36 (1972) 49. 
144 A.J. Ashe. III and P. Shaw, J. Amer. Chem Sot., 93 (1971) 1804. 
145 A.J. Ashe, I&J. Amer. Chem. Sot., 93 (1971) 3293. 
146 G. Griittner and E. Krause, Chem. Ber., 49 (1916) 2666. 
147 E.C. Juenge and S. Gray, J. Organometal. Cirem.. 10 (1967) 465. 
148 E.C. Juenge and H-E. Jack, 1 Organometal. Chem., 21 (19?0) 359. 
149 K.C. Williams, J. Organometal. Chem., 19 (1969) 210. 
150 B.C. Pant, W.E. Davidsohn and MC. Henry, J. Orgunometal. Chem., 16 (1969) 413. 
151 B.C. Pant and W-E. Davidsohn, J. Organometol. Chem., 39 (1972) 295. 


