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‘THE REACTION OF POTASSIUM GERMYL WITH ORGANIC HALIDES
Robert Mlchael Dreyfuss
Inorganlc Materials Research Division, Lawrence Radiation Laboratory

Department of Chemistry, Unlver81ty of Callfornla

Berkeley, California

-ABSTRACT

Many organlc halldes react with potass1um germvl in dlglyme to glve
the correspondlng organogermanes. However, halides for which nucleo-
philic substitutions are slow react'with potassium germyl to give prin-
cipally the corresponding hydrocarbons.' Data relevant to the mechanism
of the latter typé of réaction are presented. A method for the prepara-‘:
:tion'and.standardization of stock solutions of ootassium germ&l is de--
scribed. A new compound, digermylmethane (1,3-digermapropane), is re-

ported, and its mr, maSs:and infrared spectra are discussed.



‘Intfoduction

The germyl anion, GeHz~, was first prepared'by Kfaus and Cafney by
the reac#ion of germane, GeH;, with sodium-ammonia sol.u.tions.l Teel
and Kraﬁe found the germyl anion to'be an‘excelleht nucleophile, capable
- of converting primary alkyl halides to the correspooding all;ylgermanes.2
Howevef, eimple displacemenﬁ did not occur with ell.organic halides.
Sodium germyl and bromobenzene d1d not yleld ‘the expected phenylgermane,

but rather benzene and GeH 3

NaGeH, + CJHBr - NaBr + CgHg + GeH,

Methylene bromide also did not react to give simple germyl anion sub-
stitution; The reported pfoducts were methylgermane and aminogermane.

| @NaGeH, + CHBr, + Mi, - CHjGeH, + GeH,NH, + 2NaBr.

\In each of the latter reactions, a hydrogen atom replaced a halogen atom.
It was the aim of this study to determine the types of halides for which 7'
‘this type of reaction occurs, and to investigate the reaction mechanism. -
‘Reactions were carried out in diglyme (bis(methoxyethyl)ether) because

of the ease of preparation of potassium germyl in this solvent and be-
cause of ihe.hope that diglyme might prove to be.a‘more favorable medium
than‘liquid ammonia for germyl anion substltutions and that it might

enable us to prepere the elusive compound digermylmethane.



Reagehts.- Germéne was obtained from the Matheson Company; its
purity Was checked by infrared and ﬁass spectrometry and by vapor pressure
meaéurements at -111.6° (180 torrjas compared td the literature value,
181 %:orr). Diglyme v(Ansul Ether 141) was purified by distillation from
potassium hydroxideAfollowed by vacuum distillation from lithium aluminum
hydride at approxiﬁately 40°. Organic halides éf reagént grade wéfe used
without purification; lower grade materials weré'purified by distillation
from bhosphorus pentoxide or by'gas chromatography. The identity and
purity bf volatile substances were détermined by infrared spectrometry
withAPerkin-Elmer Infracord spectromefers (Mbdels 137 and 137B), by
~ mass spectfometry with a Consolidated Engineering Corp. mass spectrometer
(Model 21—1030) or a Vérian M-66- mass spectrometer, and by gas chro@atog-
faphy with a Varian Aerdgraph, Model A-90-P.

Pregaratidn and Standérdization gg'Potassium ggxgxl.-'Potassium
germyl was prepared in the apparatus shown in Figure 1. A magné%ic stir
bar and twenty grams of powdered reagent-grade potassium hydroxide were
placed‘in flask A. Sixty or seventy milliliters of diglyme was then
pipetted into the flask. The diglyme was degassed at -78° by pumping
through stopcock B;‘stopcock B was then closed.. The diglyme slurry was
stirred while holding it at 0°, and stopcbck B was opened‘to a section
of the vacuum line containing 30 mmols of germane. Stirring was con-
tinued for about one hour, during which essentially all the germane was ‘

absorbed by the slurry; the remainder was condensed into a -196° trap.



-Thevapparetuskuas then.inverted;'a‘tube leading to a tank of dry

, nitrogen wes attached at stopcock B,rand an atmosphere of dry nitrogen
was introduced.b (Thevtube was alternatel& flushed with nitrogen and
evacuated several timeseto ensure the absencepof eir;)' The solution
was filtered by gravity flow‘through the medium-porosity filter C into
the long-necked Erlenneyer flask E; When the filtration was complete,
dry nitrogen at atmospherlc pressure was introduced through stopcock D,
using the same precautions noted above. A and C were removed from B,

and E was. stoppered w1th a ground glass sleeve 301nt attached to an open
stopcock. After a few minutes of flushing, the latter stopcock and stop-
cock D were almost s1multaneously closed.

This procedure yielded a clear, colorless so1ution of potassium
germyliwhich could he stored at 0° without apparent decomposition. The
solution was standardized as follows' Us1ng the precautions descrlbed
above, dry nitrogen at atmospheric pressure was again introduced at
stopcock D. When the pressure in the flask slightly exceeded one atmos-
phere, the flask was unstoppered and seated into a sleeve joint sheath
with a sidearm as shown in Figure 2. Dry nitrogen was flushed through
the sidearm; this nitrogen and the nitrogen simultaneously flushing the
flask vented through the'narrow‘top of ‘the sheath. A long glass pipet
was clamped over_the solution as shown in Figure 2 and was flushed by
drawing in nitrogen with a greased syringe; followed by expulsion of
the nitrogen through the side arm of the three-way stopcock. When the
system was completely purged of air, the pipet was lowered_and potassium

germylvsolution was suckedvup to one of several calibratedvmarks‘on the



e

pipet.  The pipet was'then redrawn into the sheath, and the stock solu-
tion flask was removed and restoppered aslbefore. An identical flask,
previously evacuated, was then opened with nitrogen flushing and was
fitted to the shéath.v After the system had béen purged, the potassium
germyl in the pipet was transferred to the new flask. The flask was
restoppered as before, cooled to -196°, and evacuated;

~ An excess of degassed water was then distilled onto the frozen
potassium germyl solution; the mixture was warmed to room temperature,
and the evdlved germane was distilled, with pumping, through a -111.6°
tiap into a -196° frap. The germane was quantitatively measured by
PVTfmeasﬁrements, and its purity was checked by vapor pressure and infra-
red measuigments. A known excess of 0.1 M HC1 was added to the residue,
»and.the'Solution was titrated with 0.1 M NaOH to the phenolphthalein

endpoint. In accordance with thé fdllowing hydrolysis reaction,
- GeHs™ + H.0 - GeH, + OH"

the germéne~produced équalled the titrated hydroxide within il.percent.
Qualitative Aryl Halide Experiments.- An aliquot of 0.2 M KGeH,

; was transferred to a long-necked Erlenmeyer flask as described in the
standardization Procedure. Excess bromobenzene was condensed onto the
froﬁén solution at -196°, ‘and the mixture was allowed to warm to room'
temperature. Immédiately a white precipitate formed which soon developed
~a yellow color; after one half hour, the reaction mixture was orange.

The solution was then pumped to dryness through traps at -h5°, -160°,

and -196°. The first trap contained diglyme and benzene, the second,
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benzene and aigerméne, and the ﬁhird, gérmane, as indicated by infrared
énd mass Spectfa._ No trace of any componnd confaining a carbdn-germanium
bond.wasldetected in these samples. A similar experiment usingbiodo-
Benzene also showed benzené, gérmane'énd digermane td be the only volatile
pidducts.. | | |

' Adding tne'potaésium germyl solution dropwisevto bromdbenzene or
iodobenzene in othér experimenté gave identical reéults. In an attempt
ﬁb'detént biphenyl formation, the contenfé of the -U45° tfap were analyzed
by gas chromatographyf The ietention time of biphenyl was determined |
using a L-ft by L/h—in; 20% silicone GE SF-96 on firebrick column’ at
230°. Under these conditidns, an aliduot of the unknown showed no
evidence of biphenyl.‘ | R |

'.Quantitative QEX% Halide Exgériments.- Excess chlorobenzene was
condenséd bnto a diglyme éolution containing 1.33‘mmols of potassium
germyl. After two hours at room tenperature, a faint yellcw cloudiness
had appeared. The mixﬁure was then distilled, with pnmping, for fifteen
- minutes; the volatile products were collected in traps at -95° and -196°.
A total of 0.132 nmol of germanium (as germane and digermane) was.found
in the -196° trap. (The digermane was separated by fractional conden-
sation.in‘a -160° trap.) Water was then distilled into the solution,
_and germane and digermane (1.10 mmols of germanium) were produced. To
the contents of tne -95° trap was added 10 ml of a solution of toluene
in diglyme which contained 1.0 ml of toluene (9;&1 mmol) per 100 ml of

solution. The mixture was analyzed gasQChromatographically for benzene

using the GE SF-96 column at 65°; less than 0.01 mmol was found.



-6-

The reeuits of experiments in which excesses of.bromobenzene,
u—bromo-g-xylene and 2-bromo-m-xylene were condensed onto petassium
germyl solutions are presented in Table I. After the indicated re-
actioh ﬁimes, the volatilevmaterials,were collected in traps at'-95°
and -196°. The germane and digermane ih the -196° traps were separated,
identified, and the respective amounts measured. The -95° traps were
anelyzed for benzene or‘xylene as described above. The solid residues
- Were disselved by boiling in a slightly basic 3% H,0, solutien. Excess
peroxide was destroyed By acidificatien and further boiling, and the
resulﬁing solution then ahelyzedvvolumetrically for‘germanium by the
method of'Tchakirian.6 We have no explanation for the low total
germenium'anelyses'in'ﬁhe iodobenzene experimente.

‘ Reaetioﬁ of Bromebenzene EEEQ"Potassium Geb i-d3.f Germane-g4
was prepared from GeCl 4 e.nd LiAlD 4 aceordivng to a standard method.7
A small portion was pyrolyzed, and thevhydrogen‘was anaiyzed by mass
spectrometry; 92 atom percent of the hydrogen in_the sample was deuterium.

'ﬁeagent grade potassiﬁm was distilled from a sidearm into a reac- ,
tion vessel equipped with a break-eff seal and an outlet to the vacuum
line. "About 0.5 ml of diglyme was distilled from lithium aluminum
hydride onto the potassium mirror. Germane-d,k (0.366 mmol) was con-
densed in, the vessel was sealed off, and the mixture was allowed to
react for three days at -20°. At the end of this time, the solution was

warmed to 0°, the vessel was attached to the vacuum line, and the break-

off seal was opened. The solution was pumped on through two liquid



Table I
‘Reactions of Potassium Germyl with Ar&l Halides

Rxn. o Germane + | o Hydi-ocarbona .
time, KGeH, 2XDigermane Nonvolatile formed, . Hydroécarbon
Halide min. mmols formed, mmols Ge,- nnnqls s mmols . - KGeHl

Bromoﬁenzene 5 1.33 . .597 _ .72. . .85 N
90 1.33 .58 g .81 .61
1200 .33 .602 66 .85 .6l
Todobenzene %0  1.36 (364 .60 %0 . .66
90 1.36 .348 63 .91 .67
90 S 1.36 334 65 .91 N Y 6
90 157 Lol 65 1.0 .6k
4-Br-m-xylene 9 1.57 - .555 o .90 | ' .82 ' .52
2-Br-m-xylene 9  1.57 517 . .88 | .50 .38

®Benzene formed in the reactions of the halobenzenes; m-xylene formed in the. runs with the

bromo-m-xylenes.



nitrogen traps vith a Toepler pump; 0.98 mmol of hydrogen (of which
86 atom per. cent was deuterlum) was collected.

_ An excess. of bromobenzene was condensed onto the potassium germyl
and the solutlon was allowed to react one half hour*at room temperature.
The volatlles were then passed through a -95 trap and av-l96 trap.

The fractlon in the -95 trap was analyzed by mass spectrometry and was l
found to have peaks at m/e values of 78 79, and 80 w1th relatlve in-
tens1t1es 30 2 lOO 5. 7, respectlvely A sample‘of‘ordlnary benzene was
shown to‘have 77, 78, and T9 peaks with relative'intensities 19'8'100-
' 7 1; from these data we calculate that 87% of the benzene produced in
~the above reactlon contained one deuterlum atom. ' N -

Reactlon of Phegylsodium EkEE ggrgyl Bromide in'giglygg.— A disper-v
sion of sodium (2.42 mmols) was converted to phenylsodium'hy reaction -
with chlorobenzene in p-xylene.8 (100% yield corresponds to 1.21 mmol
of NaC H5.) The stirred slurry of phenylsodlum was degassed by pump-.
1ng, after which a solution of‘l.29 mmol of GeHBBr in 10 ml of d;glyme
- was added quickly. _Effervescence began at once.and continued for one-
vhalf hour. The'mixture was then cooled to -l96°'and Toepler-pumped
through traps at -22°, -95°, and —l96°° 0.082 mmol of hydrogen was
collected. Water was then condensed onto the reactlon mlxture and thev
mixture warmed to room temperature and Toeplerfpumped through the coldv
.traps;‘this.time 6.256 mmol of hydrogen was collected. The'other vola-
tile products of the reaction were germane, ‘digermane, trigermane,

, g’

‘benzene and methyl vinyl ether as determined by infrared” and mass -
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spectroscopy. No phenylgermane was detected. The hydrogen produced

in the reaction'présumably was a result of ﬁnréaéted sodium metal in

the slurry.

Néogentxl and ﬁEOEhil Halides.— About 1.5 mmols of neopentyl
chloride (14ch16ro+2,2-dimethy1propane), obtained from Mathesbn, Coleman
and“Bell:énd.purified by gas chromatography, was_csndensed‘ontd an
equal number of millimoles of potassium germyl solution. A slight
clbudiness’apbeared aftef.éeVerél hourévat‘foom tgmperafuré,;but anél;
ysis df the volatiles'éhdwéd'fhaé éssenﬁially.no réactidn had taken
place., - | -

'About.l.S mmols of neopehtyl bromide, obtained frbm K and K
Laboratories and purifiéd by gas chromatogfaphy, wés condensed onto an

équal_nﬁmber of miilimoles of potaésium germyl solution. A White

~cloudiness formed within a few minutes at robm température; this soon
“became slightly yellow. After two hours, the volatile products were

.anaiyzed and were found to consist of germane, digermane and an approx4

imately 1:1 mixture of neopentane and an alky;germane, probably neo-
pentylgermane. An aftempt was made to separate the latter two compounds
using the silicone GE SF-96 chromatograph column at room témperature.
The neopentane was isolated as the puré compound (identified by compari-
son of its ir spectrum with that of a_k.nowﬁ sample of the ,Iﬁgterial); |
the alkylgerﬁane had an ir spectrum with the most intense bénds at 845
and ElOO-cm-l, typical of alkylgermanes.lo However, the bands fouﬁd in
neopentane were aléo present; therefore there is some doubt as to the

purity of the isolated alkylgermane. The mass spectrum of this material
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contained an envelope of peaks at m/e k- lh? and a much more 1ntense
‘envelope from m/e 120-135 The: flrst band could be due to ions of |
. formula C GeHx R while the second could be’ due to C GeHx , the most
stable carbonium ion formed by fragmentatlon of neopentylgermane.ll

a Neophil chloride (1-chloro 2-methyl 2-phenylpropane) was obtained
. from Fluka A. G. It dld not react with potass1um germwl. Neophil
bromide was prepared by bromination of the chloride Grignard reagent.
In separate exneriments, potassium germyl solutions (0.2 and‘0.0l M)
 were added drobwisevto eduivalent amounts of neonhil bromide. The re-
action was allowed to proceed two hours, during which time a yellow-
white precipitate formed. The volatiles were analyzed by gas chromatog-
raphy using a 20-ft by 3/8-1n. silicone SEL3O on chromosorb W column >
:at llO°.' Some tert-butylbenzene, but .no 1so-butylbenzene could be
detected o 'v . .
| Haloalkane Eerriment .- Bromomethane (l 62 mmols) was condensed
.onto a frozen solution of 1.12 mmols_of potassium germyl. The reaction
vessel was_warmed, with shaking, to room temperature. After five minutes

av uhite precipitate had formed. The volatile materials were Toepler-

pumped for two hours through a--789.trap and two -196° traps. No non- '
condensible gas was found. ' The contents of thed;l96° trapslwere-pumped
through‘a-fl60° trap; 0.034 mmol of germane was isolated. :The contents
.of the -160° trap were passed through a Qlll.6° trap, and l;O7 mmols of’
"methylgermane was obtained.(v.p. h7 mn at -83°, literature value h6 3
torr)- A trace of dimethylgermane and 0. 40 mmol of bromomethane were

found in the re31due.
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The s;hé,experiment'was carried outvusing'iOdomethane., Again, an
essentiailyvquantitativé.formatidn of‘methylgermané was féund (1.12
mmols KGeH, yielded 1.10 mmols CH3GeH$). However,'aboﬁf 0.01 mmol of
methane was'found.. | | | | | |

The results of séveral exberiments witﬁ'di-'and trihal&methanes
are éummarized in Table II. Iﬁ_most éésés the halide was diétilled
from phosphorus pentoxidé qntd‘fhe_frozen potaésium‘germyl éolution at _
;196°, én&-the‘féacﬁanﬁs ﬁefé allowed toiwarm to réomvtempérature. In-
other cases, potassium germyl solution was added dropwise through a
dropping funhel»to the pure halide, and in one case, a 1% solution of
' the dihalide in diglyme was added dropwise to the germyl solution.
After.reaétioﬁ had proceeded for the stated period of time, the volatile
materials were fractionéiiy condensed using -h5°,'-ill.6°, -1606, and
-196° traps; Infrared spectra of the conﬁents of the -h5°‘trap_indi-

cated soivent aﬁd.traces'of 6rganogermanes which were theﬁ.diséérdéd.'
The -196°"trab contained germane and the -160° trap mefhylgermane;
these were identified by their ir spectra and vapor pressures,Aand were
quantitatively measured. The -111.6° trap contained digermylmethane,
dihalomeﬁhane, digermane, digermylethane, and digermylpropane, as in-
dicated by mass and ir spectrometry. The latter mixture was treated

in eifher of\tWo ways to effect isolation of pure digermylmethane.
Digermané and dibromomethane could be removed‘by hydrolysis overnight
'with a:safuréted agueous solution of potassium hydroxide (the water
.being subsequently removed by passing through magnesium perchidrate) or

'by‘gas chromatography. Either method is.effective; however hydrolySis



Table II .
Reactions of Potassium Germyl with Di- and Trihalomethanes

-a‘[—

(o]

- o - o KGeHs . GeHs = . CHaGeHs - CHggGeH3)2d
Organic halide Time, hr Halide KGeH3 - KGeHj o . KGeH; "~ -
o . o | .
CHzBrz 2 .25 034 .20 , .025
CH2Bro® 12 s 060 .25 - _
CHzBra" 2 1.0 .038 27 .06
CHzBrz" M 2.0 .076 .37 | .06
CHzBr=""© 2 . .06 18 23—
CHoBra® 0.2 2.0 .17 | .14 o .0l
CHzC12Y 2 3.5 12 L0811 | .05
CHz2C12" ou 2.0° 16 .061 .07
CH2C12” 0.5 . . 2.0 .13 B .03 0 —
CHzC12" : 0.5 2.0 : .072 _ .05 .05
cHC1sY | 2 Y T T R .028 o7t
Halide condensed onto potassium germyl; ‘ e A trace of methyl bromide could be
Germyl added dropwise to halide; - . detected by ir as a product of this
¢ Halide solution added dropw1se to potass1um reaction;
germyl; ' f A significant amount of dlchloromethane

d These values are only approximate; they are ‘ was formed in this reaction.
estimates of yield of 90% pure compound; ' : :

v v
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is easierufor greater than 0.2 mmol of product. Dichloromeﬁhane proved
impossible to separate from digérmylmethane; using fhe 20-ft by 3/8-in.
siliéohe SE¥3O coiumn‘a ohe-ﬁinuﬁe difference in retention times was
obtained after twenty minutes. Even then fhe‘peéké overlappedvto a
small extent. The other germylalkanésIWeré not detected chromatog-
féphically, yet.they were detected by mass spectrometry. |
Digermylmethane Méﬁi Spectrum. - The mass Specfrum, obtained with
a Varian M-66 mass Spéctrométer, is recorded in Table III. Sample pres-
sure'was 5'x 10-7'torr; sample temperature was 90° at thé inlet and 125°
-at.the analyzer. The electron energy wés 70 eV, and the elebtron>cur-
rent was 30 pA. The peaks may be grouped into envelopes correspond-
ing v1':o' the ions GeH,* (m/e 70-80), GeCHX‘? (m/e 82-96), Ge H,*t (1&0-156),
‘and GeECHx+ (152-172). The reporfed.spéctrum of disilylmethane shows

analogous envelopes, including one corresponding to the anomalous ion

+ 13
Xo -

SiH,
Digéggxlmethane nmr Spectrum.- The spectrum of a neat sample pre-
- pared from dichloromethane wasvrecorded on a-Varian A60 speétrometer
and consisted of a 1:2:1 triplet and a 1:6:15:20§15:6:1:septet, 3.84
ppm and 0.33 ppm downfield from external tetraﬁethylsilane, respectively:

J was 4.00 Hz. Three tiny peaks could be detected under the

C-H-Ge-H _
expandéd septet; these may have been part of a quartet, of which one

peak was hidden by the digermylmethane'peaks.' Such a feature would be

expected for contamination by digermylethane. The spectrumiof digermyl- .
L

methane is entirely analogous to that reported for disilylmethane.'
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Digeggylméthaneﬂinffared'SRééﬁfum.;vThé infrarea Spectrum §f di-
germyimethahe.was recofded on Pefkin-Elmer Infraéord spectrometerS~
(Models_l37 and 137B). A lO-cﬁ NaCl cell with a sample.pressure'df 10
mm‘was ﬁéed, and £he speétrum was recorded from 4000 to 656 em™L, The
saﬁpie was then transferred to a KBr éell; énd‘the spectrum was re-
corded from 800 to 400 cm™'. The observed bands, with tentative vi-
brétio#aiAassignments, are listed in Table IV;

, The assignments were madé by analogy with previous assignménts for

15

related compounds, notably disilylmethane and methylg_ermane.l6 In

digermwlmethane, the Ge-C asymmetrié stretch has a high frequency,

680 cm'i, compared to Ge-C stretches in methylgermane, 601.6 cm~?!

, and
in ethylgermane,l7 610 cm~'. However, this shift is consistent with
that observed for the silyl analogs. In disilylmethane the C-8i asym-

“metric stretch frequency is 773 em~t whereas in zgethylsiiane,l8 it is

701 cm”~?.
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Results and Discussion
INMNINIDNMNI s NSOy NSNS NSONPONANAANAONANy

Potgssium germyl reacﬁs With organic halideé'in two different ways.
The reaction which produces an organogermane undpﬁbtedly’ihvolveS'nucléb-
philié attack by a germyl anion on a carbon atam, with simulténeous halide
ion displacement. The reaction which produces a hydrocarbon and GeH,,
_polymér.prdbably‘invdlveé‘nucleophilic attack by a germyl anionvon a
halogenvétom, with*simultaneous.of sﬁbsequgnt'formafidh of a C-H bond
and cleavage of a Ge-H bond.' A poséible'méchanism for the latter,

~hydrogen-substitution, reaction is indicated below.
L ' T
RX + Geli —->.R + XGeH, - 3H+x + S(Get,)

Halogén-atom-attack mechanisms haﬁé:been pro?osed for many reactions of

'Organophosphinesl9’20

and for the feaction of organic halides with
potassium triphehylsil&le; and sédium triphenylgern;yl.22 | o

The'hydrogeﬁ substitutioh reaction'éredbﬁinates in cases where one
would expéct halidevion'displacemenf by the germyl anion toibe slow.
Consequently high yields of the hydrogen-substituted products are 6b—
tained'in the reactions with aromatic ha.lides,23 neobentyl énd heophil
halides,eu and dihalomethanes.25 Howevér, even in thé c;se'of iodo-
-'methane,'é trace of the h&drogen-substituted product,.methane, is ob-
tainéd; if appears thét’the tw§ types of reaction always occur simul-
taheously. |

1In‘the reagtion'of potassium germyl-g3 with bromobenzene,.it was

observed that the hydrogen atpm that replaced the bromine atom was -
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- originally bonded.to gérmanium.'iThis means that a phenyl anion, ifkit
is forﬁed; deprotonates the nascent bromogermane_ih preference tovthe
;%éolvenf;.diglyme..'However, we have bbserved thaﬁ'when sodium phenyl is
:intréduced:to diglyme containing excess bromogermane,.the principal re-
action is the.cléavage of the diglyme;26 Hence we conclude.that no free

phenylvanion is formed in the reaction of the germyl anion with bromo-
benzene. For a carbanion-type mechanism to‘be.valid, a concerted re-
action, in which germyl anionédéprotonatibﬁ occﬁrs almost simulténeously
with bromine cation'reﬁoval,Hmust be assﬁmed. Perhaps a foui-cenfér |

27

activated‘complex is formed; such a méchanism‘is almost.equivalent to’
a cage reaction28 in which the phenyi anion reacts with bromogerméne'
~ before it-caﬁ be dispeised and‘reéct.with thé solvent. This type of
meéhanism is indicated below.
Bk
RX + GeH,” - [R_ i:::GeHg - RH + X~ + ]H'(GeHE)n

-~ -

%7

Both the hydrogen-substitution reactipn and the germyl-substitution
reaction accelerate as one goes from a chloride to a bromide to an iodidé
but the acceleration ié more pronounced in thé former than in the latter
reaction. Thus much more benzene is obtained from_brdmbbenzehe'than
"from chlorobenzene, more.methylgermane is obtained fram dibrémomethane)
than‘from dichloromethane, and a detectable amount of methane is Qbf
tained from iodomethane,<gut not from bromomethane. The trends in
rates may be explained by considering the aéﬁivated complexeS'in the

two types of reaction. Nucleophilic attack by germyl anion at either
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: carbon orwhalogen reSulbs in an activated complen.in which the carbon-
halogen bond is partlally broken. Thevcarbon;iodine bond is weaker
than the carbon chlorlne bond ; therefore both types of reactlon are en-
hanced when a carbon-iodine, rather than a carbon-chlorine, bond is
involred. However, there are further effects (which do not apply to.
the nucleophlllc attack on carbon) that enhance nucleophlllc attack on
halogen when one goes from a chlorlde to an 1od1de. Becanse ‘iodine is
less electronegatlve than chlorlne, a bonded 1od1ne atomwis more sus-
ceptible to attack by an anion that is a bonded chlorine atom. Further-
more; iodine is "softer" than chlorine and therefore might be.expected
to react'morefreadily nith the soft germyl anion. Thus one would ex-
pectbthat the overall accelerativeveffect of'gOingifrom-a chloride to
a‘bromide to an iodigde would be more pronounced for thevhydrogen-substi}
tution reaction‘than for the germyl-substitution reacfion.‘ |

| It should be p01nted out that a free-radlcal mechanlsm, analogous
to that proposed ‘for the reactlon of organic halldes with organotln
hydr1des,29 w1ll account for most of the experlmental results. Trace
amounts of peroxy compounds in the diglyme solvent could act as initi—
ators. However, in the reaction of neophll bromlde, the 1ntermed1ate
neoph11 radlcal would be expected to rearrange to yield 1so-butylbena
vzene;3,’3l only_EerE-butylbenzene was formed. Also, one might expect
phenyl radicals to cleave the diglyme in the reaction of bronobenzene
with potassium‘germyl—dz; however, no such cleavage products_Were found.
These two negative observations are consistent with a radical mechanism

if one assumes that abstraction of a‘germanium-bonded‘hydrogen by the
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intermediate redieal is se‘fesf fhaﬁ ali othei'feacfions; inciuding

reerrangement, arefpfecluded. | -
Cerﬁain mechanisms forvﬁhe h&drogeh eubéﬁitutienvreactionvcan.be |

‘ruled 6ut; The aremetic halide substiﬁugions cannot'be-eXplained by a.

32

benzene .intermediate Because of thevebservedereaetivity ef 2-bromo-m-
xylene toward potassium germyl; Organogermaneiformation and subsequent
decomposition to GeH2 and hydrocarbon is rﬁled'out because phenylger-
‘mane33 and digermylmethene3h ere known te be stable cembounds, even in
basic'solutien. ‘Finally, nucieophilic attack on carbon by a hydrogen
"~ atom of the gerﬁwi anion woﬁid:be expected to'show”the same trends as
'nucleephiiie attack by'the gefmaniuﬁ atom of the germyl anibn§ one_wouid
expect the same relatiVe yielas ofehydroearboh.and organogermane regaid-
lessvof the'ofgahic halide involved. vThis result was_ﬁot found.

o In addition to uﬁdergbing the germyl and hydrbgen substitutions,
dihalo- and trihalomethanee react in yet another way with potassium
germyl, i.e., to form digermylethane and digermylpropane. The latter
products can be explained by the'deprotonation of the halomethanes by.
_potassium germyl. Indeed, the yield of GeH, increases on'going from
dibromomethane to dichloromethane to trichloromethane, in eccord with
the expected acid strengths of the halomethanes. The carbaniens formed
can go on to attack unreacted halomethane, forming haloethanes, halo-

propanes, etc., which then react with germyl anion for form the cor-'

responding digermylalkanes.

CH_X, + GeH,” - GeH, + CHX,"

i
!



CHXT H CHX, -~ CHXCHK, + X7
| CHOXCHX, + 3GeHy™ > GelyCHCH Gell; + Z(Gel) + 37,

»‘efcf

,‘ACthWiedgemen .- This reseérch;Was:suﬁpgrtéd by the U,S.[Atcmié‘lf.

Energy Commission.
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- Figure Captions

Figure 1.- Apparatus for the preparatioh and filtration of KGeH3 a

solutions.

_Figure»E.- Apparatus for pipetting KGeH, solutions.
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APPENDIX

. An Attempt to Prepare Potassium Germylsulfonate

Abstract

Aﬁ attempt was made to prepare KGeH,S0O, by the reaction of
potassiumigermyl with sulfur trioxide or with sulfur tiioxide-dmine_
adducts. Adducts of'SO3 with dimethylformamide, trimethylamine, and
pyridine were tried; solvents used were diglyﬁe, dimethylformamide
and dimethyl sulfoxide. In all cases reaction occurred but indications
are that if KGeH;SO5 can bé made, it decomposes at temperatures well.

- below 0°.
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Introduction

Potass1um germyl has been shown to react with Lew1s ac1ds; The'
‘compounds potass1um germyltrlhydroborate (KGeH BH ) and potass1um
2-germaacetate (KGeH COE) can be prepared by the reactlons of potassium
germyl W1th diborane and carbon dioxide respectlvely However, the
reactions of potassium germyl with the Lewis acids CS,, BH3CO, BF3,3.
and 802)+ are more complicated and yield decomposifidn products. An
attempt to react SO3 with KGeH3 solutions in monoglyme and diglyme
yielded a white solid which rapidly yellowed at O°,'giving off germane.5
Making the hypothesis that the desired product KGeH 50, was 1ncompat1ble
with unreacted S05, we investigated the reactlons of KGeH_ with amine
adducts of SO; in the hope that these less reactivevspeCies would not

decompose the prdduct. We found that even under these milder cohditions,-

we were unable_to prepare potassium germylsulfonate.

Y
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Exgerimental

| Reagents. - Standardized diglyme solutioné of potassium gefmyl7were
prepared'as described in the first‘part of this thesis. It waé found
that the same techniques couid be used tovprepared standardized solu-
tions in dimethylformamide (DMF). |

Spectroquality dimefhylfdrmamidevand reagent grade diméthyl sulf-

oxide weré'obtained from Matheson; Coleman and‘éell éndiused without
furthér purification. Trimethylaminebwas obtaihed from the Matheson
Compan&’énd passed'through a -78° trap prior to use. Its puriﬁy was
chedkediby‘vapor préssuré measurements at 0° (v.p. 670 torr; literature
7

value6 680 torr). Technical grade sulfur trioxide-pyridine' was ob-

tained from Aldrich Chemical Coﬁpany and used without purification.

A standardized, anhydrous solution of SO3:DMF7

in DMF was prepared
by first adding reagént‘grade'sulfan (Sbfainéd from Baker and Adéﬁson)
to DMF at 0° in a dry nitrogen atmosphére. DMF was then vacuum-distilled
from this solution into a flask identical to those used for storing
potassium germyl solutions. SO3 was tﬁenvvécuum-distilled out of sulfan
and condensed onto the DMF at -78°. The solution was warmed to 0° with
shaking; the SO, dissolved leaving a clear solution with a small aﬁount
of undissolved SO;:DMF. The solution was stored at Of and aiiqﬁots of.
the solution were taken uéing the same apparatus used for pipetting
KGeH, solutions. By distilling water into an aliquot of the solution,

the titer was found to be 1.30 M szzDMF. This did not change over a

pefiddvof one month.
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Sulfur triox1de trimethylamine (50,4 -TMA) was prepared by the re-
acpion of excess trimethylamine With a stirred solution of SO :DMF. VA
whlte'pre01p1tate formed which was fiitered and_dried under vacuum. -
The material melted with decomposition at 238°-240° v(.litf 240°). |

Volatile prpducte were identified by their infrered'specpra and
vepor pressures.

Reaction of §g§ EiEE EEEEQ in DMF. - An unstandardized soiution‘of
KGeH3 in DMF was prepared from 2.5 mols GeH4 in 15 ml solvent. The
_ soiution was stirredifor one hour at'0° in the presence of excess. SO,
vapor. The solution graduaily yeilowed and no precipipation'occurred.
The solution was then distilled'w1th pumping, through -130 and -196
_traps. The -130 trap contalned SO and DMF the -196° trap GeH,
Monoglyme was ‘then condensed onto the frozen solution; on warming to _
room temperature a small amount of yellow-white precipitate formed.

Reaction of SO :DMF with KGeH,.- To 4.12 mol KoeH, in diglyme

[V VP

at 0° was added dropwise w1th stirring 4.00 mmol SO05:DMF in DMF. A

white precipitate formed immediately; after standing 5 minutes, it and

the solution had yellowed. The reaction mixture was distilled, with
pumping; for 15 minutes through sl30° and -l96°-traps. The -130° trap |
contained DMF and a trace of GeZHG, the ;196° trap contained GeH4 (Q.82'
mmol)ﬁ The reaction mixture was filtered under vacuum. The precipitate
was dried under vacuum and a portion dissolved in basic H202 and analyzed‘v
volumetrically for germaninm; it was'found.to be 11% Gebby weight

(calculated for KGeH,S0, 37.0 %). Another portion of solid was weighed

and sealed in an evacuated ampoule equipped with a break-off seal. 'The
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'émpéhle‘was képt ih a 460° mufflé'furnécé for onemhour,’after which
the Qéééel was opened 6h the vacuum line.aﬁd the volatiles analyzed.
A trace 6f h&drdgen and Soz'were found aléﬁg with diglyﬁe pyrolyéis
products; »The pyrolyied solid was black and.was inséiuble in basic
H O,. -

The same amounts of KGeH3 and SO :DMF wefe‘alldwed tb react as
abdve, the only differencé beihg the'température, -20°; the reactioh
mixtﬁre.was distilled fof 30 minutes at eé2° and Q.MO mmol GeH, were
measured. On warming to Obiahd létting the mixturefdédbmpdsé férkéo
minutes, another 0.72 mmol :GefHL; vere measured. The dried precipitate
was found to have a Ge cthéntiéf S%yby'ﬁéight.' o

vTo KGeH3 (1.56‘mmol) in DMF éﬁ Oa wasxadded SOB:DMF (2.30 mmol) in
DMF. . No épparent change occurred. The coloriess sblutioﬁ was distilled,
with pumping, for 15 minutes through -78°, -130° and -196° traps. The
_78°lﬁrap contained sblvént only, the -130° tr‘ap‘cl}egH6 (0.11 mmol) and
the -196° trap GeH, (0.27 mmol). Pumping was continued to remove most
of the solvent; the solution became'slightly yellow.. Monoglyme was
condensed onto the solution at -196° and the solution ailowed to warm
to room temperature; a yellow-white'precipitate had formed.

.Thé experiment waé‘repeated adding the réégentS'in reverse order.
The mixture was distilled, with pumping, for 3 hours through -78°, -130°
and -196° traps. The -78° trap containedisolvent only, v’che .-130" trap
GeHg (0.34 mmol) and the -196° trap Gei{ , (0.56 mmol). ‘The ’solutiori

did not yellow. Treatment of the solution with monoglyme yielded a



white prec1p1tate whlch was flltered drled and analyzed for- germanium; |
it contained 5% Ge by weight.

'Reaction of SO_:pyridine with KGeHs.- To 1.66 mmol SO,:pyridine

at 0° waé'added with etirringuah uhstaﬁdardiied SOlution of KGeH in
ﬁMT prepared from 2v3 mmolvGeHv. The SO3 pyrldlne dlssolved 1mmed1ately
formlng a pink solutlon and over a perlod of 15 mlnutes, GeH, (O. hO
mmol) . Menoglyme was condensed onto the solutlon at —196 and on
_warming, a ﬁhite precipitate forﬁedQVH “
53233&35 of soz :TMA YEEE Eﬁfﬂz" To O. 806 mmol SO, :TMA at -h5°

was added 1.18 mmol KGeH, in DMF. The slurry was_stlrred for 2 hours

at -45° after which it was Teepler-pﬁmped :through -78°, -130° and‘-l96°
'traps. No non-condensible gas was detected. 'The -78° trap and the -130°
trap contalned a trace of TMA while the -196 trap contained GeH (O 09
mmol). The solutlon was allowed to warm to 0° and after 3 hours pump-,
iﬁg_wae resumed,‘by this time the solution had yellowed. No non-conden-
sable gas was detected but the -130° trap contained ™A (0.269 mmol) and
the -l96° trap GeH, (0.362 mmol). The solution was warmed to.room tem-
perature and allowed to decompqse overnight. When pumping was resumed,
H, (o.lud mmol), TMA (0.369 mmol), and GeH, (0.10 mmol) were found. To
the mixture was added Svml IM H3PO,; the mixture was kept at 50°pfor

30 minutes after which it was pumped on again. The only volatile pro-
" ducts were traces of GeH,, Ge_H,, and Ge_ Hgy. There was no_trace of'SO2.i
‘The reaction mixture was filtered and a 0.2 M BaCl, solution.added_to |

the solution; a white precipitate formed indicating the presence of
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sulfate aﬁion. This‘solution waé centrifuged andla diop of 3% Heoé
added to the Supérﬁaté. Nb.précipitate fbrméd, indicating the absence
of Sulfite anioﬁ.
When 503:TMA-was stirred at -45° with ﬁot&séium germyl in diglyme
a émall amount of germahe was again'producéd; oh.wﬁrﬁing.to 6°_again
decompqsition occurred. In diﬁethyléulfoxide ét room temperature,
KGeH; and SO,:TMA &iélded a solution Qﬁiéh darkens from yellow to blood
red after 15 minuﬁes; Large amounts of deH4 andvTMAlweré produced. 7
Evidence for Sulfide Anion Formation.- To approximately 1 mol
SozzTMA at70° was added approximately 1 mmol KGeH3 in DMF. The solution

yellowed immediately and was warmed to room temperature where it was

"allowed to react further for four hours; a small amount of yellow-white

precipitaté was formed. Most ofvthe DMF was pumped off overnight along
with the other volatiles after which 10 ml monoglyme was added to the
mixture; a heavier yellow-white precipitate was formed. The mixture was
filtered under vacuum; to a portion of the precipitate was added 1 mlv6v ,
M HC1 ana a small pieée of zinc. A piece of lead acetate-treated filter
paper held oﬁer the sdlution turned slightly brown, indicating the |
presence of sulfide anion.' The presence of sulfide anion was_also

observed: in precipitates formed by the reaction of SO}:DMF with KGeH3

in diglyme.
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Results and Discussion
NI TNININTNINS NG PNMNMNASNSNSONS SN

We have been unable to synthesize KQeHBSOSrfrom the reaction of
KGeH with‘SO3 adducts. The formation of trimethylamine from deztri-
.methylamine indicates the desired reaction mey have occﬁrred, foilowed
by decompos1t10n of the ant1c1pated product ' ﬁecompoeition jieids i
products that do not form SO when treated w1th aqueous acid; therefore
formation of HS0,™, S,05~, and S0, :amine complexes must be ruled out.
The presence of S=var’1d'SO4= in reaction mixtures_suggests possible.de~

- composition reactions:

| L o
 2KGeH, S0, - GeS + Z(GeHp)p + K 80, + 2H,0

KGeH_S0, + KGeH, - GeS + H(GeHg)n + 2KOH + H,0

The possibility also exists that KGeH , SO is unstable in the
presence‘of amines. This condition might be av01ded by reactlng KGeH

with salts of chlorosulfonate or dithionate anlons.
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