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Triphenylgermyl, diphenyl-p-trifluoromethylphenylgermyl, diphenyl-p-methoxyphenylgermyl, and tricyclo-
hexylgermyl hydroperoxides and bis(diphenyl-p-trifluoromethylphenylgermyl) peroxide have been sythesized

from the corresponding organogermanium halides, hydroxides, oxides, methoxides, or amines.
pmr, and mass spectra are consistent with the proposed structures.

The infrared,
Treatment of all of the germyl hydro-

peroxides or peroxides except p-methoxyphenyldiphenylgermyl hydroperoxide with hydrogen chloride yielded

the corresponding chlorides in essentially quantitative yields.

The p-methoxyphenyl group was partially cleaved

from germanium upon treatment with hydrogen chloride to produce diphenylgermanium dichloride and anisole.

As a continuation of the studies of the hydroperoxides
and peroxides of the group IVb elements,?~* representa-
tive germanium derivatives of this type have now been
synthesized and their chemical and physical properties
investigated.

Although several unsymmetrical peroxides containing
the GeQOC structure®” and three bisgermyl peroxides
have been described,’—® the corresponding hydroperox-
ides had not been synthesized until the preliminary
announcement of the preparation of triphenylgermyl
hydroperoxide.* The present work was undertaken to
synthesize a series of germanium hydroperoxides, add to
the list of known bisgermy! peroxides, and to determine
the physical and chemical properties of these com-
pounds.

Results

The hydroperoxides were synthesized by either a
direct nucleophilic displacement of a hydroxy or
methoxy group by 989, hydrogen peroxide (method I)

R3;GeY + H,0; —> RsGeOOH + HY (D
Y = OH, OCH;, OGe(CeH;)s
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or by displacement of a halide by hydrogen peroxide in
the presence of anhydrous ammonia (method IIa).

RiGeX + HiOs — RiGeOOH + NHX (IIa)
The bisgermyl peroxides were synthesized by the reac-
tion of a stoichiometric amount of hydrogen peroxide
with a triarylhalogermane in the presence of ammonia
(method IIb). The yields, methods of synthesis, and
analyses are given in Table L.

NH
9R,GeX + Hi0; —> RiGe00CeR; - 2NH,X  (IIb)
X = CI, Br

The structures of the peroxidic compounds were
confirmed by physical methods as well as by elemental
and active oxygen analyses. The infrared spectra of
the hydroperoxides show a strong absorption in the
3570-3200-cm ™! region, indicative of the OH structure.
The exchangeable proton in the pmr absorption spectra
of the hydroperoxides in deuteriochloroform, listed in
Table II, absorbs at very low-field strength, ca. & 7.50.
This is similar to the 8 7.8 value for the hydroperoxy
proton of #-butyl hydroperoxide. Since the hydroxy
proton of triphenylgermanol absorbs at 6 1.43 in
deuteriochloroform, the low downfield absorptions of
the triphenylgermyl hydroperoxide indicates that its
exchangeable proton must be attached to the highly
electronegative peroxy unit.

The molecular weight of triphenylgermyl hydroper-
oxide determined by vapor phase osmometry, employ-
ing benzene as solvent, was found to be 339 = 12 for a
0.054 M solution, 325 = 12 for a 0.017 M solution, and
323 =+ 13 for a 0.0060 M/ solution. Since the molecular
formula requires 336, these results indicate that there is
a slight degree of association of the hydroperoxide in
this solvent as the concentration is increased.
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The mass spectrum of triphenylgermyl hydroperoxide

g © NS 9 )
z e S wm = : taken at 70 eV shows peaks at 334, 336, 337, 338, and
<z~ oA 340 mass units, corresponding to the molecular ions

_ W we o expected from the five stable isotopes of germanium.

g S wA F Reaction with Hydrogen Chloride.—All of the hy-

3 = = 28 8§ droperoxidgs, except diph'enyl—p-methoxyphenylgermyl
g hydroperoxide, reacted with hydrogen chloride at 25°
0 - E g = within 10 min to produce the corresponding triorgano-
< ® s o germanium chloride and hydrogen peroxide in better

than 989, yield (glpc). There Was no rearrangement

2 R S 2 accompanying this reaction and it therefore obeyed

© 4 g gz & % the given stoichiometric equation. No diphenylger-
: RsGeOOH + HCl —> R;3GeCl + H,0,
é § S g8 53 8 ) manium dichloride or benzene was found in the acid-
<3 ¢ ® ol treated solutions although yields as low as 0.1 mol %
could be detected.

P 8 RE 8 Diphenyl—p-methoxyphqnylgermyl hydroperoxide, on
2R ~ mosg g the other hand, when similarly treated with hydrogen
5 g chloride, formed diphenylgermanium dichloride and
g & ¥ =g @ 3 anisole as well as the monqchloride in roughly equal
& = - 3 = - amounts. The fact that neither p-methoxyphenol nor
2 phenol were formed means that the primary reaction
= ~ e oo = - involved the displacement of the germanium oxygen
g o ™ W wh o« < bond to form the monochloride. A secondary reaction
- <A =] [ =] = 2] . . .

2 -] - ® involved the cleavage of the anisyl group from either the
£ newly formed monochloride or from the unreacted
§ . 2 4‘5 - Jﬁ; . hydroperoxide. This contention is supported by the
g ‘gg 5 5 5 & E g § £ - g % = fact that high yields of anisole and diphenyldichloro-
T £% 2;: g g z 3 g F®=5%®%=  germane were formed when a 0.05 M solution of the
E monochloride was treated with anhydrous hydrogen
~ 5 6 o o, 5, ° seom % . chloride under the same conditions. All attempts to
BE SfNENERENRL RTED I p-CH,OCH(CeH;),GeOOH + HCl —>
& 2 SEETRTETE TSN F & p-CH;OCH,(CeH;)eGeCl + H.0,
25 - p-CH;0CH,(CsH;),GeCl + HCl —>
=) 5\°'§‘ % L\I; g g @ g 5 =] S (CsHs)zGeclz + CH30C5H5
&
° @ convert this hydroperoxide into its monochloride by
& 2E ! . . .
2 283 3 = K = reducing the contact time with hydrogen chloride
€} ® Q- ] — o L] Pt ] et . . . .
= 5 resulted either in incomplete conversion to the mono-
z o chloride or a substantial amount of cleavage of the
g2 8 anisyl group. Since the p-methoxyphe_anyl group h_as
: 5 2 &) been shown to cleave some 400-500 times as readily
S 3 5 R CBN as the phenyl group in the reaction of aryltriethyl-
E H E:«? E, :Hf germanes with mineral acids,® the cleavage of the anisyl
= ga . m 23 3= - S group in the present system is not surprising. ‘
E e 5 3 3 = E«a% 2 = The symmetrical bisperoxides prepared during this
z22 2 2% =2 5 S 95 2 o) study also formed the triorganochlorogermanes in

T 2 g gz E‘: S | g better than 97% yield when treated with hydrogen

S R S SR ) L chloride. As in the case of hydroperoxides, no rear-

rangement occurred during the course of the reaction.
_— T 2T = 2 These results corroborate the findings of Rieche and
R NI~ G Dahlmann,® who found that the unsymmetrical carbon
gF § § § § % § germanium peroxides undergo primary oxygen-metal

i - == - cleavage with hydrogen chloride and not the acid-

- catalyzed heterolysis of the peroxy bond.
Q o . .
% 2 =) Discussion
U VO
G 2 The syntheses of the germyl hydroperoxides from
g = 5 ] =} hydrogen peroxide and the germanols, germanium
iz omom % 2F . 0O . ; . :
P2 2 2 2 Y I3 § 2 oxides, or germanium methoxides are probably sn_np}e
R 3 3 % F =F e} nucleophilic displacements. The resultant equilibria

g 34 g3 3 =2

R ™™ - 2T =) B (10) (a) C. Earb d K. C. Pande, J. Chem. Soc., 297 (1961); (b) C.

m? :Ie:a m@ D;‘a 5 :5) :a Euf C‘? Earbornas,nd K.aé.olg:nav';:e, ibid., 5058'; ?1961); e'(r:z) Cc. Earborn and K. C.

T 2 2 e 1L i = & Pande, ibid. 1566 (1960).
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TasLe I1
THE PMR SPECTRAL ABSORPTIONS OF ORGANOGERMYL HYDROPEROXIDES®

Compd Hydroperoxy proton
(CeH;)sGeOOH 7.64 (S)
CHaOCqu(CsHL)zGeOOH 7.50 (S)
CF3;CsH.(CeH:).GeOOH 7.70 (8)
(CaHn)sGeOOH 7.24 (S)

¢ The spectra were taken on a Varian A-60 nuclear magnetic resonance spectrometer.

solutions).

are shifted in the proper direction by the excess of
hydrogen peroxide, as well as its lower volatility com-
pared with the water or methanol, which is preferentially
removed by evaporation. When both the starting
material and the final product are liquids, as in the case
of the diphenyl-p-methoxyphenylgermyl derivative,
Table II, the hydroperoxide can be obtained in high
yield. However, when the reactants and products are
solids, good contact with the hydrogen peroxide is not
achieved and the hydroperoxide is of low purity and
must be purified by recrystallization. This reduces
the yield and method II is preferred.

The mechanism of the formation of triarylgermyl
hydroperoxides from the corresponding triarylhaloger-
mane using ammonia as the catalyst (method IIa) is
possibly identical with the analogous formation of tri-
organosilyl hydroperoxides.? In the absence of hydro-
gen peroxide, triarylgermanium amines are rapidly and
quantitatively formed. Subsequent displacement of
the amide ion by hydrogen peroxide or its anion would
lead to the formation of the hydroperoxide. Displace-
ment of the amide ion by triarylgermyl hydroperoxide
or its anion would lead to the formation of the symme-
trical bisperoxide (method IIb). Undoubtedly there
were other reactions occurring in solution many of which
were reversible in nature. The position of equilibrium
in these reactions depends upon both the electronic and
steric effects in the molecules. Hence, in order to
prepare a specific hydroperoxide or peroxide different
reaction conditions often had to be used.

Although the order of addition of hydrogen peroxide
and ammonia was unimportant for the successful
synthesis of the triarylgermyl hydroperoxides or perox-
ides, it was extremely important for the preparation of
tricyclohexylgermy! hydroperoxide. When ammonia
was bubbled into an ethereal solution of tricyclohexyl-
chlorogermane at (°, the precipitation of ammonium
chloride was very slow and was complete only after 15
or 20 min. However, when the reaction was carried
out in the presence of hydrogen peroxide, the precipita-
tion of ammonium chloride was immediate. This
indicates that the main reaction sequence involved the
nucleophilic displacement of the chloride by the hydro-
peroxy anion according to the given equations. The

NH; + H:0, &2 NH,00H = NH,* + ~O0H
(CeHu )sGeCl + ~OOH —> (CsHy,);GeOOH + Cl-

formation of the germyl amine as an intermediate is not
excluded but it can only be a competing reaction. The
small steric requirements of the peroxy anion make it
the species likely to attack the germyl chloride substi-
tuted by the bulky cyclohexyl groups. Steric effects
of the alkyl groups have been proved to be of principle
importance in other reactions of germyl derivatives.
Thus triethyl- and tri-n-propylgermanol lose water

Aromatic protons Aliphatic protons
7.20-7.85 (M)
6.55-7.60 (M)

6.55-7.60 (M)

3.79 (8)

1.0-2.4 (M)
The solvent was deuteriochloroform (5-10%,

The chemical shifts were measured in parts per million from internal TMS: S = singlet, M = multiplet.

readily to form the symmetrical oxide while the triiso-
propylgermanol loses water only slowly below 200° 1!
and tricyclohexylgermanol does not form the symmetri-
cal oxide.

All efforts to prepare diphenyl-p-methoxyphenyl-
germyl hydroperoxide from the corresponding germa-
nium chloride using method II met with failure. It is
likely that the germanium amine formed, for ammonium
chloride precipitated rapidly and quantitatively when
the chloride was treated with ammonia. Apparently
the hydroperoxide was formed, but underwent a base-
catalyzed decomposition prior to its isolation, for only
oils of limited active oxygen could be obtained. How-
ever,it was found that diphenyl-p-methoxyphenylgermyl
hydroperoxide could be prepared pure and in very high
yield by displacing the methoxy group of the correspond-
ing methoxide with hydrogen peroxide (method I). The
hydroperoxide prepared in this manner contained more
than 959, of the theoretical active oxygen content.
Attempts to crystallize the material always resulted in
oils of decreased active oxygen content. However, the
material gave the correct elemental analysis, and its
infrared and pmr spectra were consistent with the above
structural assignment (Table IT).

Experimental Section

A number of germanium-containing reagents and reference
compounds were prepared and are listed in Table III. The mono-
substituted tri-arylhalogermanes were prepared by addition of an
arylmagnesium bromide to diphenyldichlorogermane. Since
the resulting products were found to be mixtures of the cor-
responding germyl bromides and chlorides, conversion into the
pure halide was achieved by hydrolyzing each crude reaction mix-
ture to the germyl hydroxide or oxide and then treating this with
either hydrogen chloride or hydrogen bromide.

Organohalogermanes.—Triphenylchlorogermane,  triphenyl-
bromogermane, diphenyldichlorogermane, and tricyclohexyl-
chlorogermane were purchased from either Metallomer Labora-
tories or Alfa Inorganics, and were used without further purifica-
tion. The unsymmetrically substituted organohalogermanes
prepared during this study were synthesized either by a Grignard
arylation of an appropriate diphenyldichlorogermane or phenyl-
trichlorogermane or reaction of a chloroform solution of the cor-
responding organogermanium hydroxide (or oxide) with hydrogen
chloride or hydrogen bromide. Since the Grignard reaction was
most often used, the synthesis of diphenyl-p-trifiuoromethyl-
chlorogermane will be described. It also illustrates the method
used for the synthesis of the other organohalogermanes.

Diphenyl-p-trifluoromethylphenylchlorogermane.—p-Trifluo-
romethylphenylmagnesium bromide was prepared by adding
p-trifluoromethylbromobenzene (16.9 g, 75 mmol) to magnesium
turnings (2.00 g, 82 mmol) in anhydrous ether (100 ml). The
solution separated into two phases, both of which were slowly
added to a boiling solution of diphenyldichlorogermane (22.2 g,
76 mmol) in dry toluene (600 ml). The Grignard solution was
added at such a rate that the ether distilled without flooding the
condenser. When all of the Grignard reagent had been added
and the ether removed by distillation, the resulting purple solu-
tion was refluxed at 110° for 18 hr. The solution was concen-

(11) H. H. Anderson, J. Amer. Chem. Soc., 78, 814 (1953).
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trated to approximately 200 ml and then filtered. The semisolid

E o o= @ precipitate was dissolved in 200 ml of 3 N hydrochloric acid.
5 : A The acidic solution was extracted with two 100-ml portions of
T e 2 benzene and the extracts were combined with the filtrate from the
previous step. When the solvents were removed from the com-
bined solution by evaporation under reduced pressure, a brown
@ e o O3 P i 1D oi! remained which was shown by glpe to contain diphsenyl-p-
g S ox oY~ trifluoromethylphenylchlorogermane and diphenyl-p-trifluoro-
®E B2 DK methylphenylbromogermane as the two major components in a
- ratio of approximately 1:2. The crude material was then dis-
§ solved in ether (200 ml) and ammonia bubbled under the surface
oy AN eoema until no more ammonium halide precipitated. The solution was
m® ik NRo~D washed two times with 100-ml portions of water and the organic
MmN a0 w8 phase was separated and dried over magnesium sulfate. The
dried solution was filtered, dried with magnesium sulfate, and the
solution then was treated with anhydrous hydrogen chloride to
o i o % == convert the organogermanol into the organochlorogermane. The
e L O NEe sewnee solvent was removed under vacuum, leaving a dark brown oil (20
L2 223 BE35838 g) which was shown by glpe to be the desired product contami-
nated with approximately 109, diphenyldichlorogermane. The
. crude liquid was distilled at reduced pressure through a short-
By me o path distillation column and the fraction boiling at 150-159°
g ~ed X (0.40 mm) (17.2 g, 569 yield) solidified upon standing to give
g moe 2 white crystals which melted at 54-55°. The infrared spectrum

showed a band at 829 cm ™!, indicating para substitution.
Organogermanols.—The organogermanols were prepared by
N o e o the following ggneral procedure. Into a solution of gther (100
§x =8 Hdom~-x ml) an(‘l the trlo.rganohalogermane_ (2.5 rpmol) was introduced
2 5 e mgome ammonia gas until no more ammonlum.hahde premplltated. The
< solution was then washed three times with 20-ml portions of water
= and the organic phase separated and dried over magnesium sul-
< fate. The ether was removed under reduced pressure and the
- 5 28 smasg residue‘ then recrystallized. Triphenylgerma.nol, when re-
| P v R v crystallized from hexane—ether, had mp 134° (lit.!?2 mp 132.2°).
Tricyclohexylgermanol, when recrystallized from heptane, had

mp 176° (lit.}¥ mp 176-177°).

Organogermanium Oxides.—The triorganogermanium oxides
o % 8 & % g : % 5 were synthesized according to the following procedure. To
L 8B Rz 28588 heptane (100 ml) was added phosphorus pentoxide (0.30 g) and

5 mmol of the triorganogermanol. The mixture was stirred for
1 hr at 60°. The liquid was decanted from the solid phosphorus
pentoxide and the solvent removed from the solution under

TasLe 111
ProreErTIES AND ELEMENTAL ANALYSES OF ORGANOGERMANIUM REFERENCE COMPOUNDS

E,{ PN o - vacuum., The. residug was recrystallized sev.eral times unt;il a
g8 < 9‘:3 g ®Q constant melting point was obtained. Triphenylgermanium
Edes Lo b e oxide had mp 183-184° (lit.2* mp 185-187°). .
o B @ % = Diphenyl-p-methoxyphenylmethoxygermane.—Diphenyl-p-
A methoxyphenylbromogermane (1.0 g, 2.5 mmol) was dissolved
in an ether solution (100 ml) containing anhydrous methanol (1.0
ml). Anhydrous ammonia gas was bubbled under the surface of
the solution for 2 min. The solution was filtered and the solvent
removed from the filtrate under reduced pressure leaving a clear
O . i “: 2 liquid (0.88 g, 99% yield) which was the desired product. Since
s X g F s the.methoxide is very sensitive to moisture 1t must be stored ina
SE S° mwe = — desiccator. The pmr spectrum consisted of three absorption
=2 Iz peaks—a multiplet in the aromatic region at —6.93-7.35 ppm, a
singlet at —3.70 ppm due to the methoxy portions on the aro-
matic rings, and a singlet at —3.62 ppm due to the methoxy
protons attached to germanium—in the expected ratio of 14:3:3.
Preparation of a Hydroperoxide. Method I.—Triphenyl-
. bromogermane (2.0 g, 5.2 mmol) was dissolved in anhydrous
gn 23 3393 ether (200 ml) to which 98% hydrogen peroxide (2.0 ml, 85
£ ff f\xo ;'f § f’j i fj ﬁ mmol) had been added. The solution was stirred for several
;:} 2 ¥ 228¥8=x minutes at 0° and then anhydrous ammonia was bubbled under
22 2S¢ SZSTS the surface for 30 sec, precipitating ammonium bromide. The
reaction was quenched with distilled water (30 ml). The organic
phase was washed twice with 30-ml portions of water and dried
over magnesium sulfate for 10 min. The solution was filtered
and the filtrate evaporated under vacuum in a rotary evaporator
é@ to give white crystalline triphenylgermyl hydroperoxide (1.1 g,
. LT O 559, yield). After two recrystallizations from diethyl ether,
= 3 AFTIS crystals which melted at 137.5-138° were obtained.
2 RS OO {:2\ N o] Method Ila.—Diphenyl-p-methoxyphenylmethoxygermane
@} &} 5 53 = i 2 (2.0 g, 5.5 mmol) was placed in a glass tube closed at one end,
e SH z = S ﬁ o together with anhydrous ether (20 ml) and a small magnetic
§' E g 9‘ 9. 9‘ :";1: &) 9; % stirring bar. To the solution was added 989 hydrogen peroxide
$£ =g 33g8c 3
L4 © —
2” % % % % .’ﬁ k:' % gﬁ (12) C. A. Kraus and L. 8. Foster, J. Amer. Chem. Soc., 49, 457 (1927).
O 00 00T = (13) O. H. Johnson and W. H. Nebergall, ibid., T1, 1720 (1949).
L1 Lissl - (14) A. G. Brovic, ibid., 77, 5059 (1955).
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(2.0 ml, 85 mmol). The mixture was stirred rapidly and a stream
of dry nitrogen was allowed to pass over the top of the open tube
until most of the ether had evaporated. The tube was then con-
nected to a vacuum line and the pressure was slowly reduced to
0.20 mm for 4 hr. There remained at the end of this treatment
2.0 g (999 yield) of a clear viscous oil, which was diphenyl-p-
methoxyphenylgermyl hydroperoxide.

Preparation of a Bisgermyl Peroxide. Method IIb.—Di-
phenyl-p-trifluoromethylphenylchlorogermane (2.0 g, 4.8 mmol)
was dissolved in a solution of anhydrous ether (200 ml) and

The Journal of Organic Chemistry

hydrogen peroxide (0.280 g, 8.5 mmol). At 25° anhydrous
ammonia gas was bubbled under the surface for 2 min, and the
mixture stirred for another 5 min. The mixture was then filtered
through a medium fritted-glass filter and the solvent removed
from the filtrate. There remained a clear viscous oil (6.65 g)
which was dissolved in 10 ml of pentane and cooled to —20°.
The white precipitate which formed (3.70 g, 579, yield), after
collection by filtration, bad an active oxygen content 2.07%.
After two recrystallizations from pentane a material having mp
134-137° was obtained.

The Thermal Decomposition of Organogermanium Peroxides and Hydroperoxides!

RALPH L. DANNLEY AND GEORGE C. FARRANT
Department of Chemistry, Case Western Reserve University, Cleveland, Ohio 44106
Received July 8, 1968

The thermal decomposition reactions of a number of organogermanium peroxides and hydroperoxides were
studied to gain information about the mechanism of the cleavage of the peroxidic link when bound to germanium.
Bis(triphenylgermyl) peroxide thermally decomposed with first-order kinetics (E, = 33.7 kcal/mol) in hexadecane
in the absence of oxygen at 190-210° yielded phenol, diphenylgermanium oxide, triphenylgermanol, but no oxy-
gen. The migratory aptitudes of the phenyl and the p-trifluoromethylphenyl groups in the decomposition of
bis(diphenyl-p-trifluoromethylphenylgermyl) peroxide were about equal, consistent with a free-radical mecha-
nism. The thermal decomposition of triphenylgermyl hydroperoxide (1.0 mmol) in o-dichlorobenzene produced
oxygen (0.17 mmol), water (0.35 mmol), and triphenylgermanol (0.93 mmol) as the major products, and phenol
(0.06 mmol) and diphenylgermanium oxide (0.07 mmol) as the minor products. The effect of solvents, radical
initiators, radical inhibitors, and ultraviolet light were consistent with a radical mechanism producing these
products. The products of the thermal decomposition of triphenylgermyl hydroperoxides in which one of the
phenyl groups was substituted in the para position gave a migratory aptitude series (p-CH;OCsH,, 1.98; p-CFs-
CeH,, 1.36; CsH;, 1.00) consistent with a radical mechanism for the formation of phenols in this reaction.
Triphenylgermyl hydroperoxide decomposed in o-dichlorobenzene at 150-170° in an initially oxygen-free system
with zero-order kinetics at 0.01 M concentration (B, = 35 keal/mol) but followed no simple order at higher con-
centrations. The thermal decomposition of tricyclohexylgermyl hydroperoxide (1.0 mmol) produced cyclo-
hexene (0.56 mmol), cyclohexanol (0.06 mmol), tricyclohexylgermanol (0.29 mmol), and dicyclohexylgermanium

oxide (0.18 mmol).

Although there have been several reports?—* of the
synthesis of organogermanium peroxides, and a dis-
closure of the synthesis of organogermanium hydro-
peroxides,®® relatively little is known about the stabili-
ties of these substances or their decomposition products
which would permit comparison with the analogous com-
pounds of the other group IVb elements.

- Davies* suggested a nucleophilic migration of the
phenyl group to oxygen to explain his finding that 1-
methyl-1-phenylethyl hydroperoxide and germanium
tetrachloride gave rise in the course of a few days to
phenol and other nenperoxidic products. However, the
initial germanium peroxide was not isolated. Davies

|
CsHs(CHs)zCOO(ﬁe—— —> C¢H;OH 4 other products
also suggested a 1,2 rearrangement to explain his

observation that the treatment of alkylgermanium
chlorides with peroxy acids gave nonperoxidic products.*

(l? Pr
PrsGeCI + HOOCC7H15 _— PrzGe—O 0 -
O_CC7H15
O—Pr O

/
Pr,Ge—0—C—C;H;;

(1) (a) Supported by the U.S. Army Research Office (Durham) through
Grant No. DA-ARO(D)-31-124-G720. (b) Taken in part from the disserta-
tion of G. C. Farrant submitted in Jan. 1968 to the Graduate School of Case
‘Western Reserve University in partial fulfillment of the requirements for the
degree of Doctor of Philosophy. (¢) Presented in part at the first Central
Regional Meeting of the American Chemical Society, Akron, Ohio, May 10,
1968.

Both Davies* and Rieche?® and their coworkers postu-
lated that germanium peroxides undergo some homo-
lytic scission of the peroxide bond because the compounds
catalyzed the polymerization of vinyl monomers.
However, the extent of the radical vs. ionic processes in
the decomposition of these compounds has not been
established.

It was the purpose of the present investigation to
determine whether the symmetrical peroxides and the
hydroperoxides of germanium undergo homolysis or
heterolysis of the peroxidie link and to determine the
kinetics and products of the thermal decomposition.

Results and Discussion

Thermal Decomposition of Bis(triarylgermyl) Per-
oxides.—The thermal decomposition of bis(triphenyl-
germyl) peroxide in hexadecane or o-dichlorobenzene
oceurs via a first-order process with an activation energy
of 33.7 = 1.5 keal/mol” (Table I). The products of

(2) A.Riecheand J. Dahlmann, Angew. Chem., 71, 169 (1959).

(3) A. Rieche and J. Dahlmann, Ann., 678, 19 (1964).

(4) A. G. Davies and C. D. Hall, J. Chem. Soc., 3835 (1959).

() R. L. Dannley and G. Farrant, J. Amer. Chem. Soc., 88, 637 (1966).

(6) R. L. Dannley and G. Farrant, J. Org. Chem., 34, 2428 (1969).

(7) A referee has pointed out that the calculated value of log A is ca. 12,
which is considerably lower than the corresponding values of 15-16 [(a) R.
Hiatt and K, C. Irwin, J. Org. Chem., 88, 1436 (1968) ] for many carbon per-
oxide decomposition. However, peroxides of elements other than carbon do
yield similar low values for their first-order thermal decompositions. Thus
log A is 10.1-10.8 for silicon hydroperoxides [(b) R. L. Dannley and G. Jalics,
ibid., 80, 3848 (1965)], 11.4 for bisdiphenylphosphinic peroxide [{¢) R. L.
Dannley and K. R. Kabre, J. Amer. Chem. Soc., 87, 4805 (1965) ], and 12.2 for
trimethyltin hydroperoxide in dilute solution {(d) R. L. Dannley and W. A,
Aue, 1bid., 80, 3845 (1965)]. The mechanisms of all these reactions are not
clearly established but they are first order with respect to peroxide and there
is some evidence for free-radical intermediates.



