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: _Potassium hydrokide may be’used to deprotonété éxﬁremély weak
acids if hydroxylic solvents such as water and'alcohOls are avoided.l-
- The following syhthesés ;llustrate thé'general applicabiliﬁy of this
procedure to inorganic syﬁtheses,

The methyl cyclopentadienylmolybdenumvtricarbonyl synthesis
,illustyates how a potassium cyclopentadienyl solution may be prepared.
 and then used to prepare a t&pical tranéition metal cyclopentadienyl

‘ complex. By analogous procedures, one may prepare a wide variety of

metai complexes of the anions of cyclopentadiene, indene, etec.

]

Department of Chemistry of the University of California and Inorganic
Materials Research Division of the Lawrence Radiation Laboratory,
Berkeley, California 94720. This work was supported by the U.S.
Atomic Energy Commission. : =

Although it has been calculated that XKOH should only be able to
deprotonate acids having aqueous pK values less than 31, it has been
observed that even triphenylmethane (pK = 32.5) is at least 95%
deprotonated using dimethylsulfoxide as the solvent for the
triphenylmethane and its salt.l ,



.and the dehydratlon of a trans1tlon metal salt.’

‘General Deprotonation Procedure
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-‘,

: The ferrocene and. nlckelocene syntheses 1llustrate how the procedure 3‘

. may be adapted to the 51multaneous deprotonatlon of cyclopentadlene

'vv : . “ .b.v' .
The methylphosphlne and dlmethylphosphlne syntheses show how .-

falkyl derlvatlves of_a volatlle hydrlde may be prepared in amounts as.
- great as 0.05 mole. The meuhylgermane synthesms shows ‘a somewhat

;ﬂj51mpler procedure appllcable to amounts less than 0. OOS mole.

)

Potass1um hydrox1de which is to be used for deprotonatlon of a -

- weak acid must be flnely pulverlzed. For thls purpose, pellets of

reagent grade potassium hydroxide_(85% KOH) arerquickly ground. to a -

"powder with a mortar and pestle and transferred for temporary storage
'tova tared wide;mouthed bottie which can be capped to prevent absorption,

-of moisture by the KOH. The KOH should be ground sufficiently fine so o

that the largest partlcles are less than O 5 mm. 1n dlameter.' It ;s

very difficult to pulverize a large quantlty of KOH at one tlme;'

.-therefore it is‘recommended that the pulverization be done in batches

. whenever more than 15 g. of powdered KOH is required. The amount of

KOH used is generally determlned by the amount .of acid to be deprotonated

Good results are usually obtained when the KOH powder is used in the

proportion of 25 g. per 0.l mole of .acid, however veryJWeak acids,_with a

aqueous pK va;ues greater than 25, may require a.KOH/acid ratio two or

-three times as great in order to;obtain'complete deprotonation in a

" reasonable time. The‘KOH serves as a drying agent.for the sdlvent as
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weli as a deprotoﬁating agentj consequéﬁtly.nd‘lesé than ld é, of KOH
powder should be used'per 100 ml. of solvent unless_the-solvent is
_carefﬁlly dried befofehand., | | »

The amount of solvent used is géneraily-dictated by the solubility
_of the pétaSsium salt. But even in the case of highly soluble potass1um
salts, the ratio of KCOH to solvent should not be allowed to exceed 80 g.
to 100 ml. — otherwise the slurry will be too difficult to stir, and
 ‘-too large a fraction of the solution will be held back during subsequent

. filtration. |

~The reaction is conveniently carried out in é round-bottomed flésk
: having a capacity aboﬁt double the volume of the.solvent.‘ if leés‘than
80 g. of KOH is used, a magnetic stirring bar is adequate; however,
larger amounfs of KOH require a paddle stirrer. Often the anion of.
the weak acld is susceptible'to avtoxidation, requiring that the reaction o
flask be sealed and that oxygen be eliminated. With liquid and solid
acids, this is best accomplished by ppoﬁiding‘a'nitfogen atmospheré.
It is convenient tq use a 3-necked, ground-glass flask, with one of the
side necks. connected to a source of nitrogen. The tubing leading to
the source of'nitrogen‘should be cbnnected viava T-connection to a
mercury bubbler set to meintain a pressure differential of 5-10 mn.
_'With gaseous acids, the use of a vacuum iine is most convenient.
In the case of a relatively strong acid such as cyclopentadiené,

the solutlon of the ac1d is v1gorously stlrred with the KOH for about

;“l~hour.i Weaker ac1ds, such as fluorene and trlphenylmethane, require
10-15 hours, or even longer, to effect complete deprotonation. The reaction

times are not appreciably reduced by increasing the temperature.
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. The rates arelsomewhet'eontrolled by the ehoide»of solvent. Fof
X _example,.itvﬁasebeeneobserved‘that'deprotonations.prdceedfmueh:mOre
rapidly in dimethyl sulfoxide than i#-l,e-dimethoxyethane._ Hewever,
f'dimethyl sulquidezcan_sometimes_be disadvantageous because of its
_ high viscosity, its low vdlati;iﬁy, “or its oxidiéing power. |

~

A.  O-METHYL-n-CYCLOPENTADIENYLMOLYEDENUM TRICARBONYL : .
| 2KOH + CsHg = K + CsHs™ + KOH-H20 -
| E'Mb(co)s + CsHs =~ Mo(CO)zCsHsf + 3C0

‘CH3I + Mo(CO)3CsHs - cH3Mo('co)3c_5H5+ I

~ The anion Mo(CO)zCsHs has ‘been prepared by the reactlon of the
cyclopentadlenyl anlon with. molybdenum hexacarbonyl 23 and by the |
reaction of dlcyclopentadlene with. molybdenum hexacarbonyl to form
[CsHsMo(CO)z]g,'followed by reduction of:thellatter ‘compound with sodium

e.ma.lgam_.LL In view ofvthe'simplicity ef”the preSent'method'of Preparing

pofassium cyciopentadienyl, the formervmethod”is preferable and is
described below. 'The Mb(CO)3C5H5' anion may be converted to the

B hydride HMb(CO)305H5233’5_or to any’of'e series of_alkyl derivatives,
vRMo(CO)ﬁCéHs.e 'The prepafafion of the methyl compeund is described
."hereJ, Many other cyclopeﬁtadienylmolybdeﬂum.tiic@rbdﬁyl derivaﬁives'
 are.knan; syntheﬁic methods for some of-fhese are'discﬁssed by
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Procedure

L

A 300-ml 3-necked flask, equlpped w1th a magnetlc stlrrlng bar
and & connectlon from one side ‘neck to a source of nltrogen, 1s charged
with 150 ml. of'1,2-dimethoxyethane and 50 g. of KCH powder. While -
slowly stirring the mixture; andfwhile flushing the flash with_a.stream

of nltrogen, 16.4 ml (0.20 mole) of cyclopentadlene is added.  The

‘other side neck and the main neck of the flask are loosely stoppered,(

‘and when it is Judged that 99% of the air has been flushed from the

flask, the flask is tightly stoppered. The stirring rate is then
increased as much as possible without causing undue splashing.v
After one hour, the stopper in the side neck is removed and

replaced w1th a coarse-por031ty fllter tube leading to the side neck

of another 300-ml 3-necked flask. (See Flgure l ) The main neck of

._the receiver flask should be stoppered and the other 31de neck should

be closed with a stopper haV1ng a stopcock permlttlng evacuation. of the

flask. The fllterlng apparatus is flushed w1th nitrogen, and the

‘apparatus is slowly tipped so as to decant the solution through the

filter into the receiver flask. Occasional application of a vacuum-

through this stopcock will hasten the filtration. When about 130 ml.

Cyclopentadiene is obtained by the thermal cracking of dicyclopentadiene.
Dicyclopentadiene is slowly distilled through a short fractionating

column, collecting only that which refluxes below 4lh°. (Cyclopentadiene

boils at L42.5°, dicyclopentadiene at 170°.) This cyclopentadiene must
 be used within two-or three hours, or stored at -78° until use, because
. slow dimerization occurs at room temperature.
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},;of the solutlon has‘collected in thevrecerver flask. the flrst flask

is rlghted and about 25 ml ~of dry l 2- dlmethoxyethane 1s added to wash
';the remalnlng KOH. After collectlng another 30 ml of flltrate, the

- washlng procedure,ls repeated. About 190 ml of solutlon should be |

: obtalned _ AY S ' ‘_ ‘ o -
In 8 fume hood the maln stopper of the flask contalnlng the.
',filtrate31s~removed' and, whlle flushlng Wlth nltrogen,>h5 g. (O 17

j mole) of moLdeenum hexacarbonyl is added (CAUTION MoLybdenum
f}ihexacarbonyl is somewhat volatlle and extremely toxic.) The maln neck
-of the flask 1svthen fltted.wuth_a‘waterecooled reflux condenser._lﬁ
. After flushiné'the condenservwith nitrogen, the top ofvthe‘condenser' o
,is connected to the source of nltrogen, and the side. necks of the flask ; |
‘are stoppered.. Us1ng a heatlng mantle, the mlxture is refluxed for
" at least 12 hr; Carbon monox1de 1s evolved durlng this tlme, and it
w1ll escape through the mercury bubbler.» | .,. _ . _

The resultlng solutlon of KMo(CO)305H5 s cooled to room -
temperature, the reflux condenser is replaced w1th a dropplng funnel
~,conta1n1ng 12. 5 ml. (0.20 mole) of methyl 1od1de, and a magnetlc

Astlrrlng bar 1s‘placed;1nrthe‘flask.v Durlng a S5-minute perlod,vthe

‘methyl iodide is added dropwise to the stirred solution; 'Stirringlis ‘

L continued fordfive hours Two necks of the flask are then stoppered

‘_ and the thlrd is fitted with a stopcock leadlng to a large Dry Ice cooled

. trap and a‘vacuum pump. While stirring, the solVent is removed &E vacuo

“at room,temperaturef_'(AbOut'3-h-hours are required.)
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After comblete'removéi ofbthevsolﬁent, the_stopgock is closéd and. .
the flask is placed iﬁ a ﬁitrogeh-flushed dry b;g. ‘Thé flask 1s opened,
ana the solid contents are scraped out and transferred ﬁo a large
:vacuﬁm sublimation appaiatus. (vaa'sufficiently large_sublimaﬁion
apparatus is not avaiiable; the sublimation may be accomplishéd N
:batchﬁise using a smaller‘épparétus.) :ﬁsing circﬁlated ice-Water in'the
condenser of the sublimation apparatus, thé CH;Mo(CO)zcsHsvis‘sublimed'
“ using a bath temperature of 80-90°.ahd a pressure;less than 0.1 mm.
Ihe.vacuum is broken with nitrogen, inasmugh-as'the residue is usuvally
pyrophoric; Ihe residue'ié‘discarded in a élacé where-it.may safely
.'burn.. Yield: 35.5 g. (80%) of yellow cggMé(co)scsﬂs,'me;ting at |

121-124° (dec.).

Progerties

In o-Methyl-ﬂ-cyciopentadienylmé;ybdenum tricarbonyl, the methyl
group is attached to the molybdenum by a metalfto-carbon 0 bond, and
'thé cyclopentadienyl group is éttached by ﬂ-typevbonding.as in
sandwich comﬁounds, The material forms yellow crystals, m.p. 124°
(dec.),vthat are sol@ble in organic solvents and slowly oxidized 5y v
"gir. _Purification_iévreadily effected by vacuun Sublimationz The :

infrared and n.m.r. spectra have been describ_ed.2
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>B BISCYCLOPENTADIENYLIRON (FERROCENE)

8KOH + 205H6 + FeClg uﬂgo = Fe(CsHs) + 2KCl +- 6KOH Hgo

B

. of thevwide variety of methods‘which:have been used fer'the prepara-

tion ef'ferroceﬁe,7.one of the m§S€VstraighthfWard iS'the.reeetion of an
Aalkali'mefal:cyeiopentadienyl with irdn(II)iehioride;8 ~The present
epqocedure,_although eheiogouS'in prinéipie; is_Superior-beeeusezqf the .
simplified method of deprqtonetiﬁg:cyelepentadiene‘and becaﬁse'6rdiﬁery:
‘*hydrated iroh(il) chloride mey be used. The pbtaésiumvhydroiide;servee

~not only as a.deprotonatingaageht;vbut also as a dehydrating agent.

. Procedure

- A 300-ml. 3-necked'flask;'equip§ed with a magnetié stifring.bar and a_

connection from one 81de neck to a. source of nltrogen, is charged with 120

ml. of 1,2~ dlmethoxyethane and 50 g.vof KOH powder Wh;le_slowly stlrrlng

the mlxture, and whlle;f;ushlng the flask Wlthna stream'ofhnitrogen, 11.0

ml. (0.134 mole). of_cyelepentadiene is added. The other side neck is

stoppered, and the main neck is fitted with -a 100-ml. drb?ping'funnei with

its stopcock open. When it is judged that 99% of the air has been flushed

from the flask, the stopcock is closed, and a solution of 13.0 g. (0.065

mole) of iron(II) chloride 4-hydrate in 50 ml. of_dimethyl.sulfoxidef_

The 1ron(II) chlorlde should be pulverlzed in a mortar and pestle in
order to aid dlssolutlon

Dlmethyl sulfoxide should not be allowed to contact the skln because
it is absorbed very rapidly. .
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‘is rlaced in»fhe dropping funnel. The vent tube in the ﬁe?cﬁry bubbler
is lifted above the mercury surface S0 thatvthe preésuré within the |
 réaction vessel is atmospheric. The mixture is stirred vigorously.
_After about 10 minutes 6f‘vigorous stirring, éropwise éédition of the

- ifon(II) chloride solufion is begun. ~ The rate of addition is adausted ‘
. 80 that the entire solution is added in L5 mlnutes At'thls point,’
"the.stopcock of the dropping funnel is:cldsed, and the stirriné is
‘continued for another 30 mihutes. "Then the flow of hitrogenvis stopped,
‘and the mixbure is added to a mixture of 180 ml. of 6 M HC1 and -

. approximately EOQ g; ofvice. Some of the-resulﬁing slurry'may‘be

-~ used to wash the residual material out the flask. After stirring the
slurry for aboutvlS minutes, the precipitate is collected on a coarse
sintefed glass funnel and. washed wiﬁh four 25-ml. portions of water.*
The product 1s spread out on a laige watch glass'and allowed to alr-dry
overnight. Yield: 11.9 g. (98.4%) of ferrocene melting at 173-4°.
Material prepared in this manner‘is quite‘satiéfactory as an intermediate

for Subsequent syntheseg. If an extremely pure product is desired, this

- material should be sublimed.

Sometimes the filtrate is deep blue because of formation of the
ferricinium ion. If desired, the latter may be reduced to a
relatively impure form of ferrocene by the addition of tin(II)
chloride. However this recovery is seldom worthwhile, because the
amount of ferricinium ion seldom accounts for more than L9 of the
total yield of ferrocene. ' : '
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Properties'._
Ferrocene forms orange crystals (m.p 173- l7h°) Whichfareosolublei
'Tln most organlc solvents but essentlally 1nsoluble 1n water.v The -
- compound readlly subllmes at temperatures above lOO The 1nfrared

p‘spectrum has been recorded and 1nterpreted.9 "The ultraVLOlet spectrum

in ethanol or hexane shows maxime at 325 mut (e =-50) and MMO mu (e 87),1f}wt:

C e

‘and r1szng short-wavelength absorptlon (e 5250 at 225 mu)

! / . . i R - .
_'C.' BISCYCLOPENTADIENYLNICKEL (NICKELOCENE)

' 10KOH + 205H6 + I\T:LClg 6H20 - Nl(csHs)z + 2KCJ_ + BKOH. H20

Most of the publlshed methods for preparlng nlckelocenell'are f
‘;analogous to methods used for preparlng ferrocene. The following .

procedure is analogous to the precedlng ferrocene procedure, except. that _ﬁ

‘some extra precautlons are necessary in order to av01d ox1dat10n of the

product.

Many.:derivatives of nlckelocene can be prepared.}} A~particularLy '

e

V ,‘useful reactlon is that between nlckelocene and nlckel tetracarbonyl

" leading to [CsHsNi‘COJg and (CsH5)3Ni3(_C_O)2--
Procedure

The procedure is”identical to that described'under the ferrocene
, procedure except for the’ follow1ng changes Only 8.5 ml. (0.10L4 mole)

"~ of cyclopentadlene is used and a solutlon of ll 9 g- (O 05 mole) of

x
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nlckel(II) chlorlde 6—hydrate in 65 ml. of dlmethyl sulfox1de is used

- instead.- of-tuE 1ron(II) chlorlde solutlon The 6 M HC1 used in the

precipitation step and the wash water are deaerated with a stream of

nitrogen before use. The product is collected on a sintered glass'

funnel (under a stream of nitrogen), washed, and then dried overnight

in a vacuum desiccator. Yield: 5.2 g. (55%) of nickelocene melting

at 173-4°.

p)

Nlckelocene forms dark green crystals (m p. 173~ l7h ) whlch are

: soluble in most organic solvents but essentlally insoluble in water.

The mlcrocrystalllne materlal formed in the above synthe51s undergoes
oxidation on standing in air and should be keptvin an inert atmosphere.

Purification can be effected by vacuum sublimation at 100°.

Dlmethyl sulfoxide should not be allowed to. contact the skln because
it is absorbed very rapidly. :

The melting point should be deuermlned us1ng a sample under a nltrogen
atmosphere in a sealed caplllary ,
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 D. METHYLPHOSPHINE
| 2KOH + PHs - K + Piiz” + KOH-Hz0

. CHsI + PHz "> CHsPHp + I

Both methylphoephine (this synthesis) andrdimethylphosnhine |
(the follow1ng synthesis) are con31derably stronger LerS bases than
‘ phosphlne, and their reactlons w1th various Lew1s aclds,lB'lncludlng. ?ﬁf-i

' boranes,,u 5 have been the subgect of recent studles Botb'methyl-fh

phosphlne and dlmethylphosphlne are readlly ox1d1zed by air and thus;r'i

”djcan serve as sources of methylphosphonous a01d CH3PHO(OH), and |

' dlmethylphosphonlc acid, (CHz)gPO(OH)
A commonly used. synthetic method for these. substltuted phosphlnes
involves the deprotonation of phosphine h,l (or methylphosphlnelu)
by a sodium-ammonia SOlutiOn,.followed by treatment with a methylhalide.
More recently,15 methylphosphlne has been produced by the reduction of -
) CH3PC12 (unfortunately not a readlly-avallable compound) by LiAlH4.
The present method is essentially the deprotonationemethylation

.procedure, but instead of sodium-ammonia solutions, relatively easily-

‘handled KOH-dimethyl sulfoxide suspensions -are used.
Procedure

CAUTION: Phosphine and methyl phosp'hine are toxic materials which
- must be handled w1th great: care, us1ng vacuum-llne manlpulatlon
) Dlmethyl sulfox1de should not be allowed to contact the skln because it

- is absorbed very rapldly.
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A mégnetic stirring bar, 30»g. of KOH jdwaer, énd:ho ml. of
dimethyl sulfoxide are placed in a 200-ml. 3-necked rouﬁd-bottomed ”
flask with standard taper joints. 'One side'neck is stoppered, the
other isvfitﬁed with a Sﬁall dropping funnel,,and the ﬁain neck is %itted .
wf£h an adepter conﬁected to a 0-760 mm. ﬁanometer and a stopcock leading
.-to a Qacuum line. Thé joints are greésed with Dow Corning silicone
grease. The flask is‘thoroughly eVacuated while stirring the mixture,
and the stopcock is‘then closed. About 0.012 mole of pure‘phosphine17
is transferred to a 300 ﬁl-'bulb connected to the vacuum line Just
beyond the stopcock, and the stopcock is opened so as to ailow the
- phosphine to be absorBed by the.stirred‘KOH suspension. The'dimethyl‘
sulfoxide becomes yellow bécause.of the formation of the PHZ- ion. .
When the ménometer indicateé thaﬁ about 99% of the phosphine.has been
absorbed‘(after,about 25 minutes) the system is again thoroughly
of methyl iodide in 10 ml. of dimethyl.sulfokide is placed in the
dropping funnel, and a trap between the stopcogk and the vacuum pump
is immersed in liquid nitrogen.

About 2 ml.'of the methyl iodide’solution.is added to the stirred
mixture, and, after about ten seconds, the stopcdck is opened for a
minuﬁe, This process 1s repeated unfil_the dimethyl sulfbxide solution
is colorless. The crude meth&l phosphine which collects in the liQuid

nitrogen-cooled trap is then purified by fractional condensation in

traps cooled to -112° (CSz slush), -130° (n-penfane'slush), and -196°
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“(1iquid nitrogen). The material which collects in the -112° and -196°
traps is discarded. .About 0.009 mole (75% yield) of purified methyl

phosphine collects in the -130° trap. ~

‘Propérties

Methylphosphine is an evil-smelling material whichvis_probablyl,v‘

n:very poisondus.. The vapor pressure may Be répfeéentédl by the,
ugqudﬁidn ;og Rmm = 7.&02';'1158/$,'where I ='°K. ‘The-éxtrépolaﬁéd‘
“boiling point isv;;7.1°, and/the_vapor préssures_at -78.5° (28 mm.);
 ._63.5°>(73 mm.) and -45.2° (210 mm¢) may be used as c;itéria of pﬁrity.
" The infrared épectruﬁ of thévgas haslbéen reported;]f8 the appearaﬁéé'; L

of a band. at 1252.cm—l indicates the presence of methyl iodide, and

the appearance of a'band at 1170 Cm-l indicateé_the presehce of

dimethyl ether.

The methylphosphine prepared by this procedure has a vapor
pressure at -78.5° (dry ice slush) dfv29_mm, Thevprincipal‘impurityf
is dimethyl~ether; estimated by mass speétrqmetrj’and infrared S

spectrometry to amount to less than 1%. .
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E. DIMETHYLPHOSPHINE
2KOH + PHs - K + PHp~ + KOH-Hz0
CHSI + PHe© ~ CHsPHa + I
SKOE + CEsPHz - K + CHsPH™ + KOH- H20 |

CHsI + CHsPH - (CH3)2PH + 17

Procedure

CAUTION: Phdsphine and the méthylphosphines are toxic-materiéls
which must be handled witﬁ great'cére,[usihg vacuum-line’manipulatidn.
Dimethyl sulfoxide should not be.allowed to.contact.the skin because
- 1t is absorbed very rapidly. |

The procedure is the same as that used for the preparation of
methyl phosphine up to the point where the methyl iodide solution is
added. A solution of 1.5 ml _(o.oéu_ mmoie) of -xhethyl iodide in 10 ml.
of dimethyl sulfoxide is placed in the_dropping funnel, and the stopcock |
connecting ﬂhe system to the vacuum line is closed. The methyl iodide |
solution is added, during a period less than one mihute, until the
solution is colorless. If, during the addition, the pressure in the.
‘flask exceeds 600 mm., the volume of the system shéuld be increased |
by opening the_stopcock to an'evacuatedfvolﬁme of severai hundred ml..

80 as to keep the pressure below 600 mm. However, the volume of the .
sysﬁem should not be unduly expanded, or the deprotonation of the methyl 
phosphine will proceed too slowly. The slurry is vigorously stirred .
- for an hdur; during which‘time the pressure of methjl phosphine should ’

markedly decrease. -Then the remainder of the methyl iodide solution
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- is added (leaV1ng a; drop of solutlon to ensurebthat alr doesvnot enter
“the’ flask), and stlrrlng is contlnued for another half hour The
'fvolatlle materlal 1s collected 1n a llquld nltrogen cooled trap and |
is then fractlonally condensed 1n traps cooled to -78° (dry ice slush),';'
-112° (CSz slush) and. ~l96 (llquld nltrogen) " The materlal which o
fcollects in the =78° and -196 traps is dlscarded., The dimethylé' .
i phosphlne in the -ll2° trap usually contalns an apprec1able amounthof ;.‘;;
methyl 1od1de as an 1mpur1ty However thls 1mpur1ty may be readlly a
ellmlnated by s1mply allow1ng the mlxture to stand in the llquld state
at 0° for about one hour, durlng whlch tlme the methyl 1od1de 1s
'~rconverted to the relatlvely non-volatlle salt (CH3)3PHI About

. 0.0078 mole (65% yleld) of purified’ dlmethylphosphlne remains.

lee methylphosphlne, dlmethylphosphlne has a dlsgustlng odor and |
is probably very p01sonous The vapor pressure may be represented 19
“by the equatlon log P =T. 539 - 1370/T where T K._ The extrapolated'v
boiling p01nt is 21. l , and ‘the vapor pressure at O (338 mm. ) may. be
used as a crlterlon of purlty. Dlmethylphosphlne prepared by this -

procedure has a vapor pressure at 0° of 339 mm.
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' F. METHYLGERMANE
2KOH + GeHs - K + GeHs™ + KOH-Hz0 -

CHsI + GeHs~ - CHzGeHs + I~

vAs'in the case'of aIkylpho§phines (see the ﬁfeceding synthesis)
alkylgermanes are generally,prepéfpd by either of fwo methods — a method
based on the deprotbnation and.sﬁbsequent alkylation of germane,zo and
avmethod based on the reduction of germanium-halogen bonds with LiAlH4

or hydroborates.gl’22 23

In view of ﬂhe ease of preparation of germane
and the simple KOH deprétqnation procedure, the deﬁrotqpation-allegtion
‘method ié believed to be superior andhis”described here for the synthesis

of methylgermaheu  In»this-procedure;‘l,é-dimethoxyethane is used as

'solvent, but, in analbgous procedures, dimethylsulfoxide has been used

in the preparation of dimethylgermane,eu and liquid ammonia has been

25.

!

used in the preparation of 2-butylgermane and'methylethylgermane.
Procedure

: Potaséium hydroxidé powder (2.8 g.} and 10 ml. of 1,2-dimethoxy-
ethane are placeq in a»505mi. round-~bottomed flask with a sﬁandérd
taper neck. Thelflask'is'fitted with‘an_adaptér,having é stopcock for
connecting to the vacuwn line. With the flask in a -78° bath (dry ice
slush), the mixtﬁre is degassed by pumping for.about 5 minutes. Then
the -78° bath is replaced with a -196° bath (liquid nitrogen), and
the reactor is thoroﬁghly evacuated. Abput 0;002 mole of pure gérmane
..is condensed into thé reaétof, and the stopéock is cloéed. The reactor

is warmed in air to room temperature and is shaken for a half hour.
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, The shahlné should be very V1gorous in order to 1ncrease the surface”’
)area of the solutlon as much as poss1ble The reactor 1s then placed
~in a -l96° bath and- the very small amount of hydrogen gas (from the
' slow decomp051tlon of pota551um germyl) 1s pumped out.. Approx1mately5
- 0. OO3 molée. of methyl 1od1de is condensed 1nto the reactor The’
' reactor 1s allowed to warm up to room.temperature in alr, whlle shaklng

occa81onally, untll a. whlte prec1p1tate forms near room temperature

Y
AN

'Then the reactor is. 1mmed1ately quenched in a. -78° bath v If‘tne
reactlon mlxturehls allowed to stand after fornatlon of- the prec1p1tate,',
_a secondary reactlon of methyl iodide w1th potass1um hydrox1de to form
ldlmethyl ether_occurs Wlth ‘the’ reactor in series’ Wlth -78° and -l96°
'traps,.it is‘allowed‘to Warm in air. Half or more’ of tne monoglyme is L
.allowed to dlstlll 1nto the -78° trap The crude methylgermane whlch
Acollects in the -l96 trap is purlfled by fractlonal condensatlon in
traps cooled tor-l3O (n—pentane'slush) -l6O (1sopentane slush)
andv-l96°. ‘The materlal whlch COlleCuS 1n the -160 trap is pure

methylgermane. . A yleld'of about 0.00l6.mole'§80%) is thalned.
Properties -

The vapor pressure of methylgermane na& be represented2 by the
equation log B = 3.962& - o.oo3o3l+T + .75 log-T - 1080.3/21:,. from
B which one calculates a b01llng point of -34.1° The vapor pressures
‘_at -83 9 (ethylacetate slush), -78 5°. (dry ice- slush), and -63. 8°
(chloroform slush) are~h6.3 m. , 67 7 mm and 169 4 mm., respectlvely.

.'The 1nfrared spectrum of the gas has been reported
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Thevmethylgérmahe‘prepafed by thisbprocedure hes Vapor pressures

of 46 mm. at the ethyl acetate slush‘temperature andil68‘mm}’at the

chloroform slush témperature.

e e
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