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Summary 

The react-lolls of germylenes with mtrosobenzene lead to mtrene and ,‘Ge=O 
intermediates via the zwltterlonlc form of the appropriate germaoxa-azlrldmes 
Interactions between the germylenes and the mtrene generated in the reactions 
@ve new > Ge= N-intermediates 

The formation of germaosa-azetldme 1s observed m the insert-Ion reaction of 
germylene mto the oxazn-ldme ring, m the 1,3-cycloaddltlon of germylene to 
the rntrone which 1s an isomer of the oxazn-ldme and also m the dehydrochlo- 

rination reaction of C-germylated hydroxylammes Ck-Gi-CH(Ph)-NOH(t-Bu) 

The ,&elimmatlon process from germaosa-azetldmes leads to lmme and 
:Ge=O intermediates 

Introduction 

We present some results m the general field of germylenes relating to some 
aspects of the reactivity of these blvalent species with the l-2 dipole mtrosoben- 
zene, and also with the 1-3 dipole phenyl-t-butyl nltrone and Its lsomerlc oxa- 
zrrldme 

We propose the formation of transient species such as germaoxa-azetldmes or 
germaoxa-azlrldmes (probably m zwltterlomc form), this 1s supported by spectra 
scoplc data (NMR and ESR) and independent chemical gsneratlon of the species 
(m the case of germaoxa-azetidines) These transient species produce, through a 
p-elimmatlon process, new germyl mtermedlates which contain a doubly bonded 
germanium, 1 e., >Ge=N- and >Ge=O. 

* Dedmated to Profasor Henn Normant on the occasion of this 72nd bn-thday 25th June 1979 



Resuhs and discussion 

Reactron wrth nrtrosobenzer:e 
The hrgh reactrvlty of electrophmc germylenes such as F,Ge or PhGeCl (com- 

pared to Ph,Ge [I]) towards mtrosobenzene m benzene solution [ 21 suggests 
an electrophilic attack of the germylene on the mtroso oxygen as the fn-st step 
of the reaction This leads to the 3-germa-2-oxa-azrrrdme (A) m either zwtter- 
ionic or cyclic form. 

The ESR study of thus reaction shows a broad, strong signal (singlet 8 m teslas 
wade, g = 2.0024) whrch may support the postulated transrent zwtterromc form 
(A) (Fig. 1). 

The intermediate (A) undergoes decomposltron and quickly leads to phenyl- 
nitrene, characterized as its dlmer, I.e. azobenzene. The observed germoxanes 
are formed by polycondensatlon reactions of the doubly bonded :Ge= 0 mter- 
mediates [3 3 (reactron 1, Scheme 1) 
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Dnect mteractron between the germylene and the mtrene generated m the 
reactron (reactron 2, Scheme 1) leads to a transient germa-mnne 1141 which poly- 
condenses to the correspondmg cyclogermazanes [4] Furthermore, the germa- 
rmme has been characterrzed by a pseudo-Wrttig reaction with benzaldehyde [4] 
srm&r to that previously observed m the case of srla-rmmes [5-73. 

Reactlon rmth phenyl N-t-bntylosazt, rdrne and rts lsonzelrc mtrone 
The reactron of germylenes w rth oxazrrrdmes could possibly lead, by insertion 

and rmg expansion. to two unstable germaoxa-azetrdmes isomers (B) and (C) 
(reaction 1 and reactlon 2, Scheme 2) 

N-O opening m the oxazrrrdme, more usually considered as a homolytrc reac- 
tron [S J would lead to an unstable 2-germa-3-oxa-azetrdme (B) Thus same 
2-germa-3-oxa-azetrdme structure has been obtained m a pseudo-Wrttlg reaction 
between the correspondmg germa-rmme and aldehyde [ 41 

C-O bond opening m the oxazrrrdme, usually considered as a heterolytrc 
mechanism [S,9], would lead to the mtermedrate (C) (C) can also be obtamed 
from 1,3 cycloaddrtron of germylenes to the lsomerrc rutrone (reactron 3) The 
rapid decomposltron of (C) gwes the correspondmg lmmes and germoxanes (cf. 

Scheme 2). 
These reactions show an increasing germylene reactrvrty accordmg to their 

relative electrophrhc character. Ph,Ge < PhGeCl < F,Ge (1) 
Thus, rt 1s possible to postulate an electrophrhc attack of germylene on the 

oxygen of the oxazrrrdme which leads to a polar C-O cleavage srmrlar to those 
observed m the protonatron reactions of the oxygen m the same compounds 

l-91 
This hypothesis 1s supported by an NMR study of these reactions We have 

observed m reactions of germylene, PhCeCl, with both oxazrrrdme and mtrone 
the formation of a transient intermediate (C) which has resonances assigned to 
CH and N-t-Bu (cf experimental sectron) srmrlar to those of the mtermedrate 
which was observed during the dehydrochlormatron reaction of the correspond- 
mg cgermylated hydroxylamines [lo] _ 

Ph 
Ph I 

PhCIZGe-&-N-t-B” + Et3N d 
Ph, 

AH 
Cl ’ 

62:s; N-t-Bu + Et,NikI 
0 

(C’ 

Ph 
‘Ge=O + PhCH =Nt-Bu 

CI’ 

The intermediate (C) (cf. Scheme 2) 1s common to polar addition of germyl- 
enes on both oxazirrdme and on Its rsomerrc mtrone. 

(C) grves rise to two srgnals m the NMR spectrum m C6H6 at 6 0 97 and 6 
0 94 ppm (s) (N-t-Bu) which show that the germaoxa-azetrdme (X = Ph, Y = Cl, 
Scheme 2) exrsts m two drastereorsomenc forms 

In these reactrons, the transient, .Ge= 0 derrvatrves have been characterized 
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either as then- adducts with the startmg germylene (dlgermylated osrde 

[-Gi-G;-O-] n which can be arylated to give Ph,GeGePh,) [II] (reaction 4) 

or as their msertron products with ethylene oxide (leading to germadrosolane) 
(reaction 5) [3] This last reactron grves new germadroxolanes, 

CICHZCHZO\ 0 

(FCH,CP,C)),Ge :,“1 and Ge’ 
Ph’ ‘Cl 1 

(cf experimental section ) These are formed by the msertion of JGe=O mto 
ethylene oxide and rmg opening followed by msertion of the oxn-ane into the 
germamum-halogen bond [ 123 However, the rmg opening of the oxazlndme 
by derivatives contammg germanium-halogen bonds (F, Cl) has not been ob- 
served [13]. The adducts of the n-utial germylene with the rmme which has been 
generated lead to ohgomers prevrously described [14] (reaction 6). 

In summary, the reactions of germylenes with mtrosobenzene lead to :Ge= 0 
and :Ge= N- mtermedrates by formal oxrdatlon of germylenes, and secondary 
interaction of phenylmtrene wrth these brvalent species The formation of un- 
stable germaoxa-azetldmes (new four-membered heterocycles) from germylenes 
or chlorogermylhydroxylammes IS strongly rmphcated m reactions of thus kind, 
the fl-ehmmation process from these heterocyles is a new route to ZGe=O mter- 
mediates 

Expermlental 

The compounds described m this paper were characterized using standard 
analytrcal technics GLC (Aerograph 1400, SE 30, DEGS, mternal reference 
Et,Ge or Bu,Ge), NMR (EM 360 A and T 60 Varum), IR (Perkm-Elmer 457), 
hquld film, Nu~ol mull or solid solution m KBr Elemental analyses were carried 
out by the “Service Central de mrcroanalyse” of the CNRS and ESR spectra 
were obtamed using a Varran E 104 m Professor Lappert’s laboratory, University, 
of Sussex (U K.). 

Reactron of F,Ge wL th PhNO 
F,Ge (0 42 g, 0 0036 mol) IS added to a green solutron of PhNO (0.193 g, 

0 0018 mol) m C6H6 (1 cm’) m a Schlenk tube. An exothermic reaction takes 
place with formation of a transrent purple intermediate After 12 h at 20°C, the 
solvent 1s removed under vacuum The IR spectrum of the residue shows. 

v(GeOGe) 905 cm-’ (4) 

(4) 
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The ESR study of the leactlon shows a bload signal (cf D~scusslon) 
The great reactlvlty of F2Ge with PhN [J] esplarns wily extensive folmatim 

of PhN=NPh was not observed In this reactIon 

Reacfron of PhGeCl with PhNO 
In a Carms tube 0 5 cm3 of a solution of PhGeCl m C,,!&, (3 3 mol,'l ) and 

PhNO (0 175 g, 0 0016 mol) areheated for 5 mm at 6O’C An elothcrmIc ienctlon 
takes place with a change of color&on from seen to purple, and finally to 
brown 

After 2 h at 6O”C, the soivent IS removed under vacuum. The lesldue snows 
the followmg bands m the IR spectrum Y(GeOGe) 995 cm-’ (PhClGeO),, [-I], 
v(GeNGe) S30 cm-’ (PhClGeNPh),, [4], V(CN=KC 930 cm-’ (PhN=NPh) [15] 
GLC analysis shows formatlon of PhN=NPh (15%) 

In a second expenment, a mixture of PhGeCl(0 0033 mol) and PhNO (0 175 
g, 0.0016 mol) IS allowed to react wvlth &H&HO (0.175 g, 0 0016 mol) m a 
CZIIXUS tube for 12 h at 60°C NMR analysis shows the folmatlon of PhCH=NPh 
(65%), 6 CH S-05 ppm (s) (C,D,), and PhCHO (35%), 6 CH 9 55 ppm (s) (C,D,) 
(unreacted). IR anafysrs shows the formation of (PhClGeO),, v(GeOGe) 595 
cm-’ [4] and PhN=NPh, Y(CN=NC) 930 cm-’ 

Reactron of Ph?Ge wrth PhNO 
To a suspension of the complex PhzGe NEt, (1) (0 0044 mol) m C,H, (5 cm3) 

is added PhNO (0.23 g, 0 0022 mol) The mlsture IS heated for 12 h at 120°C m 
a Carms tube_ 

The solvent IS removed under vacuum Xnalysls of the residue by IR shows 
the formation of (Ph,GeO),, v(GeOGe) S60 cm-’ [16], (PhzGeNPh),,, v(GeNGe) 
825 cm-’ [4]; PhN=NPh, v(CN=NC) 930 cm-‘. GLC analysis confirms the for- 
mation of PhN=NPh 

The same reaction carried out m presence of C,H&HO (0 23 g, 0 0022 mol) 
leads to PhCH=NPh (55% yield) (NMR charactenzatlon) and to a residue from 
which (Ph,Ge0)3 (0.047 g, 23% yield), m p_ 150°C [16] 1s separated by solvent 
trlturation (C,H,, 50% + pentane, 50%) and filtration 

Reaction of MeszGe wrth PhNO 
To a suspension of the complex Mes,Ge NEt,, prepared from 1 00 g (0 0229 

mol) of Mes&lGeH and 0.58 g (O-0058 mol) of Et3N m C6H, (5 cm3), usmg the 
method described m ref. 1, IS added PhNO (0 15 g, 0.0014 mol). The mixture IS 
heated for 12 h at 120°C in a C&us tube- IR and NMR analyses of the reactlon 
mature show the formatlon of (MeslGeO),, Y(GeOGe) 850 cm-’ [4] _ 
(Mes,GeNPh),, v(GeNGe) 820 cm-‘, PhN=NPh, z$CN=NC) 930 cm-‘_ 

The same reaction camed out m presence of &H&HO (0 15 g, 0 0014 mol) 
leads to PhCH=NPh (25-30% yield). 

Reactron of F,Ge wtth N-t-butyloxazirrdrne 
(a) PhCq-p-t-Bu (1.84 g, 0.0070 mol) IS added to a solution of F,Ge (0 77 

0 
g, 0.0070 mol) in dioxane (5 cm3). 

The great reactivity of difiuorogermylene wrth the oxaziridine (or the lso- 
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Reacflorz of PhGeCi tvrfh pher~~l-~~~-t-0~~t~io.~acrzr~ I~LIZC 

(a) PhGeCl (0 0017 mol) m benzene solution (3 mol/l) 1s added dlop\~lse to 

solution of PhCH-y-t-Bu (0 29 g, 0 0017 mol) m Ccl, (10 cm’) ‘Ihe ieclctlon 
0 

starts at 40-65° C and IS followed by NhIR A new and weak signal appeals at 
6 t-Bu 0 95 ppm (broad, s) but dlsappe,us after a few mmutes as the umne slg- 
nals appear at 6 CH S-00 ppm (s) and 6 t-Bu l-23 ppm (s) 

The mixture IS then heated for 12 h at SO”C m a Carms tube, NMR analysis 

‘1 

shows the formation of PhCH=N-t-Bu m apploslmately quantltatlve yield The 
solvent IS removed under vacuum and the residue, after pentane trltulatlon, 
@ves (PhClGeO), preclpltate (v(GeOGe) S95 cm-‘) 

(b) In the presence of an excess of ethylene oslde (0 5 g, 0 012 mol), the 
same reaction, carried out at 100” C m a Carlus tube, leads to the compounds 

,O-_, 
PhCH=N-t-Bu. (PhClGeO),,, and also Ph(ClCH,CH,O)Ge’ ’ (charac tel Izecl by 

“0’ 

GLC (7% yield)) and to the adduct of the germ> lene PhGeOCH2CH2Cl with 
imme generated m the reaction 

I- Ph Ph t-Bu-? 

L OkH,CH,Cl 1 R 

NMR (C6H6): 6 CH 4.37 ppm (broad, s), 6 Cl& 3 00-4 00 ppm (m), 6 t-Bu 0 9’7 
ppm (s) This gnres, after arylatlon (PhMgBr). Ph,GeCH(Ph)NH-t-Bu (28% yield) 
(GLC characterization) _ 

(c) Preparation of Ph(CICH,CH,O)Ge<” 

- 

J 
This compound 1s prepared from 

PhGe(NMe,), (2.71 g, 0.0096 mol), HOCH2CH20H (0 60 g, 0.0096 mol) and 
ClCH,CH,OH (0.77 g, O-0096 mol) followmg the above method (73% yield) 
B p. 14O”C/O.7 mmHg; NMR (C,H,), 6 ClCH, 3.97 ppm (t), 6 ClCH,CH,O 3 37 -_- 
ppm (t) (J(HC-CH) 5.5 Hz), 6 OCH?_ 3 93 ppm (s) Anal Found C, 4127, H, 
4.48; Cl, 12.41. C&d. for C,,,H,,GeClO,. C, 41.52, H., 4-53, Cl, 12.25%. 

Dehydrochlorrnatron of PhCl,GeCHPhNOH-t-Bu 
To a solution of 0 40 g (0.0010 mol) of PhCl,GeCH(Ph)NOH-t-Bu [lo] m 

Ccl4 (5 cm3) is added slowly Et3N (0 10 g, 0.0010 mol). After 5 mm at 0°C the 
Et,NHCl IS filtered off and the filtrate analyzed by NMR (Ccl,) 
PhCl,GeCH(Ph)NOHt-Bu (ca. 15%~)~ 6 CH 5.05 (s), 6 t-Bu 1 03 (ms) ppm 

Ph 

Ph, ,kH 
at 0°C. 6 CH 4.73 (broad (s), 6 t-Bu 0 97 and 

ca 60% 
Cl 

,Ge, 
0.90 (s) ppm. 

0 
)N--t-B” at 25-30°C 6 CH 4 82 (broad, s), 6 t-Bu 

0 99 and0.92 (s) ppm. 
PhCH=NtBu (ca. 25%): 6 CH 8.00 (s), 6 t-Bu 126 (s) ppm. 

The germaoxa-azetidine decomposes quckly, leading to the imme 
PhCH=N-t-Bu and the germyloxide (PhClGeO), which are characterized by IR 
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spectroscopy (u(GeOGe) S95 cm-‘) 
Methanolysis of the germaosa-azetidme leads to Ph(CI)(MeO)GeCH(Ph)- 

-N-t-Bu, characterized by NMR (Ccl,) 6 OMe 3 6s (s), 6 t-Bu 1 06 

OH 

(s), 6 CH 

5 99 (s) ppm 

Reactron of Ph,Ge wrth phenyl-N-t-Bntyloxazrrrdrne 
To a suspension of the complex Ph,Ge NEts [l] (0 16 g, 0 0006 mol) m 

C,H, (2 cm3) IS added PhCH,-N-t-Bu (0 11 g, 0 0006 mol). The mrxture 1s 
0 

heated for 1.2 h at 120°C m a Carms tube NMR and IR analyses show the forma- 
tion of PhCH=N-t-Bu (80%) and (Ph,GeO), (v(GeOGe) 860 cm-‘) 

Reaction of F,Ge with N-t-butyl-a-phenylnrtrone 
A solution of PhCH=N-t-Bu (0 19 g, 0 0011 mol) m C&D6 (1 cm’) IS added 

slowly to F2Ge (0 18 g, 0 0011 mol) m diosane (1 cm3) The exothermic reac- 
tion gives PhCH=N-t-Bu (NMR) and a white precipitate of (F,GeO),, isolated 
by filtration m p >35O”C (with decomposition), v(GeOGe) 905 cm-’ (KBr)) 

The reaction is too quick for the observation of intermediates using NMR and 
only the final products are detected 

Reaction of PhGeCl with IV-t-Butyl-cu-phenylmtrone 
(a) PhGeCl (0 0017 mol) m benzene solution (3 mol/l) IS added dropwise to a 

solution of PhCH=N-t-Bu (0 29 g, 0 0017 mol) m CC4 (1 cm3). The reaction is 

followed by NMR startmg at 40°C with the formation of the transient germaoxa- 
azetidme PhCIG,e-CH(Ph)-N-t-Bu-0 6 t-Bu 1 00 ppm (broad s), S CH 4 97 

ppm (broad, s) which disappears after a few minutes The imme signals appear 
at the same time 

(b) In benzene solution at a similar temperature (40-45”C), the transient 
species shows 6 CH 4 52 ppm (broad, s) and two 6 t-Bu 0 97 (s) and 0 94 ppm 
(s) (approxrmatively l/l) correspondmg to the two drastereolsomeric forms of 
germaoxa-azetidme The imme signals appear at the same time Two weak signals 

[ 

Th Yh - 
from the germylene imme adduct generated, 1 e. Te-CH-y- I 

J 

(6 CH 4.35 

Cl t-Bu n 
ppm (m), 6 t-Bu 0.87 ppm (broad, s) also appear during the reaction. 

(c) The same reaction carried out 111 CsD6 at 85°C for 3 h m a Carms tube 
leads to PhCH=N-t-Bu (80% yield; NMR and GLC characterization) and to 
(PhClGeO), (v(GeOGe) 895 cm -’ isolated as a viscous polymer mixed with a 

I- Ph Ph 1 

small quantrty of [d;dH-lY;A ~ (see above) after evaporation of all volatile 

products under high vacuum. 
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Reactron of Ph2Ge wrth N-t-Duty1 a-pherlylnrt,one 
To a suspension of the comples Ph,Ge, NEt, [I] (0 16 g, 0 (2006 mol) IS added 

PhCH=N-t-Bu (0.11 g_ 0 0006 mol) m C,D, (1 cm’) The mlxtule IS heated fOl 

A 

12 h at 100” C m a Carn~s tube and leads to PhCH=N-t-Bu (14% yield) (hRIR 
chaxxterlzatlon) and to germyloslde (Ph?GeO),, (v( GeOGe) S60 cm-’ 
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