This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
i Alkylidynephosphines - Syntheses and Reactivity
ok § G. Becker’; W. Becker®; R. Knebl*; H. Schmidt*; U. Hildenbrand®; M. Westerhausen®
‘ ! * Institut fir Anorganische Chemie der Universitat Stuttgart Pfaffenwaldring 55, Stuttgart 80

To cite this Article Becker, G. , Becker, W. , Knebl, R., Schmidt, H. , Hildenbrand, U. and Westerhausen, M.(1987)
'Alkylidynephosphines - Syntheses and React1v1ty Phosphorus Sulfur, and Silicon and the Related Elements, 30: 1, 349
— 352

To link to this Article: DOI: 10.1080/03086648708080592
URL: http://dx.doi.org/10.1080/03086648708080592

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising di rectly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648708080592
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:43 30 January 2011

Downl oaded At:

Phosphorus and Sulfur, 1987, Vol. 30, pp. 349-352 © 1987 Gordon and Breach Science Publishers, Inc.
Photocopying permitted by license only Printed in the United Kingdom

ALKYLIDYNEPHOSPHINES -~ SYNTHESES AND REACTIVITY

G.BECKER*, W.BECKER, R.KNEBL, H,.,SCHMIDT, U.HILDENBRAND, AND
M.WESTERHAUSEN

Institut fir Anorganische Chemie der Universitdt Stuttgart
Pfaffenwaldring 55, D-7000 Stuttgart 80

In the past, different methods have been utilized for the prepara-
tion of alkylidynephosphines. Whereas, however, small amounts of
thermally instable derivatives might be obtained from reactions in
the gas phase, the synthesis of phosphines which are stable under
an inert atmosphere, as for instance those with a tert-butyl or a
1-adamantyl substituent at the carbon atom of the P=C group, is
best started with tris(trimethylsilyl)phosphine itself or with the
more reactive lithium bis(trimethylsilyl)phosphide.2 tetrahydrofu-
ran complex. Treatment of either compound with acyl halides results
in the formation of acylbis(trimethylsilyl)phosphines which, at
room temperature, rearrange to the corresponding trimethylsilyl[i-
(trimethylsiloxy)alkylidene] isomers. As traces of hydrogen halide
accelerate the conversion of tris(trimethylsilyl)phosphine to the
triacyl derivatives, the use of the lithium phosphide is strongly
recommended in all cases where impure acyl halides are used. In the
presence of small amounts of solid sodium hydroxide suspended in an
etherial solvent, the thus prepared trimethyl[1-(trimethylsiloxy)-
alkylidene] phosphines eliminate hexamethyldisiloxane to yield the
required alkylidyne compounds. Running the decomposition without a
solvent at a higher temperature, Regitz and coworkers were able to
improve this method further.

After a careful spectroscopic characterization of both the meth-
ylidynephosphine and its tert-butyl derivative in particular, the
reactivity of this class of compounds is now being studied in de-
tail. Since the electronegativities of phosphorus (2.19) and carbon
(2.55) are rather similar and differ substantially from the value
of nitrogen (3.04), the question to be answered is whether alkyli-
dynephosphines have more resemblance to alkines or nitriles with
respect to their chemical properties. However, due to most results
obtained thus far and discussed in the following, we are now justi-
fied in calling these compounds phosphaalkines.

Gier, Appel and others have already used the reaction between hy-
drogen chloride and various alkylidynephosphines in order to identi-
fy these phosphaalkines which had been formed only in small amounts.
Halogens such as chlorine, bromine or iodine add stepwise to the
P-C triple bond of 2,2-dimethylpropylidynephosphine to yield the
(E) /(2)-~isomeric halogen(l-halogenalkylidene) compound first and
the corresponding dihalogen(l,1-dihalogenalkyl)phosphine afterwards.
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Finally, with excess halogen the remaining weak P-C single bond is
cleaved and in addition to phosphorus(III) halide a 1,1,1-trihalo-
genalkane is formed. Remarkably, volatile halides of main group
elements show a similar chemical behaviour towards alkylidynephos-
phines. In the reaction with germanium(IV) chloride, initially a
mixture of (E)/(Z)-isomeric chloro[l-(trichlorogermyl)alkylidene]-
phosphine is formed; after the addition of a further amount of phos-
phaalkine a 1,2-diphosphetene (1) is obtained in a preparative scale
finally and identified by X-ray structure determination (eqg. (1)).

— P
/,Cme3 + me3C—C=P / §§
N - Clw==P C—Cme3 1 (1)
GeCl, \c/

me3c' ‘Gecl

Clvp=C

3

Although analogous intermediates have not yet been detected with
phosphorus (III) bromide, the reaction route is expected to be very
similar and compound 2, the ultimately isolated 2,4,5-triphosphabi-
cyclo—[l.l.ﬂ pentane, might have been formed via an intramolecular
addition of a P-Br group to the P=C bond of the cyclic system. The
formation of only the (E)/(2)-isomeric alkylidenephosphines 3 and
4 can be observed with tin(IV) chloride and boron(III) bromide.

r
g C/ Cme3 c1 cl C/Cme3
X~P=
~ \ !/
me3c-<:\?r/C-Cme3 Y C13P’°‘}w "
AN 3: X=Cl; Y=S el l]e
3: X=Cl; Y= nCl3 Cl
e 2 4: x=Br; Y=BBr, 5  Cmey

Whereas reactions between phosphaalkines and some common halides
of main group elements are easy to perceive, the high oxydation pow-
er of several transition metal halides, on the contrary, gives rise
to a scarcely understood formation of some very remarkable com-
pounds. Similar to a metathesis, tungsten(VI) or molybdenum(V) chlo-
ride and 2,2-dimethylpropylidynephosphine react in phosphorus tri-
chloride oxide to yield phosphorus(III) chloride and di(tert-butyl)-
acetylene complexes of tungsten(IV) (5) and molybdenum(III) chlo-
ride (6). From analogous reactions of tantalum(V) chloride rod-
shaped yellow crystals were isolated as main product (7) in addi-
tion to small amounts of the dark-red compound 8. The structures of
both compounds are characterized by the presendg of polycyclic sys-
tems and therefore suggest the possibility to oligomerize phospha-
alkines in the presence of this type of transition metal halides.
The bond type occurring in the previously unknown 1,3,5-triphospha-
trishomocyclopropenylium cation of compound 8, is best described by
an overlapping of three p-orbitals at the phosphorus atoms which
are directed to the centre of the six-membered ring (closed three-
centre bond). With the solution of this structure the existence of
a non-classical phosphenium ion has been proven for the first time.
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Alkylidynephosphines and alkines show a striking similarity with
respect to their chemical reactivity not only to halides of main
group elements, but also to complexes of transition metals in their
low oxydation states.These investigations were first started by
Nixon, Kroto and coworkers who in 1981 already published the synthe-
sis of [n?-(2,2-dimethylpropylidynephosphine)]bis (triphenylphos-
phine)platinum prepared from the corresponding ethylene complex and
the first thermally stable phosphaalkine. In the meantime, this re-
search group has succeeded in the isolation of numerous further
complexes with partially very complicated structures; nearly at the
same time as Regitz et al., they reported the dimerization of 2,2-
dimethylpropylidynephosphine to a 1,3-diphosphacyclobutadiene bound
to an (ns—cyclopentadienyl)cobalt fragment. In cooperation with
Herrmann, Ziegler and coworkers, we were able to isolate the com-
plexes 2 and lg_which have been formed via an addition of 2,2-di-
methylpropylidynephosphine to the metal-metal multiple bonds of
tetracarbonyl—di(ns—cyclopentadienyl)dimolybdenum and of di(uz—car—
bonyl)di(n5-pentamethylcyclopentadienyl)dirhodium. The fascinating
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metathesis reactions with the metal-metal triple bond of hexa(tert-
butoxy)ditungsten which had been carefully studied with alkines

and nitriles by Schrock, Chisholm and coworkers, can be transferred
to 2,2-dimethylpropylidynephosphine as well. However, the inter-
mediates 11 and 12 which one would expect to have a C-W or a P-W
triple bond, could not yet be detected; on the contrary, via an
addition of excess phosphaalkine and a 1,3-shift of a tert-butoxy
group from tungsten to phosphorus, l-phospha-3-tungstena- (13) as
well as 1A3,4A2-diphospha—3—tungstena—2,3—cyclobutadiene 14 are
formed. Thus far we were able to isolate and characterize only the
first mentioned compound, whereas the presence of the second one
has been concluded from its nmr-spectra.
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Already at room temperature organyl azides, nitrile oxides and di-
azoalkanes undergo fast [3+2]cycloaddition reactions with phospha-
alkines to yield 1,2,3,4-triazaphospholes, 1,2,4-oxazaphospholes

and 1H-1,2,4-diazaphospholes; Regitz and coworkers in particular,

have applied these reactions in order to identify thermally insta-
ble alkylidynephosphines. Using kineticly stabilized cyclobutadi-
enes, this research group also succeeded in the first preparation

of 2X3-Dewar phosphinines; with cyclic 1,3-dienes ks-phosphinines
can be obtained. In cooperation with Fluck and Neumiiller who had
prepared 13 315—diphosphacyclobutadiene, this compound was treat-
ed with 2,2- dlmethylpropylldynephosphine to yield the first now
fully characterized 128 SX -triphosphabenzene.

Most probably an alkylidynephosphine might occur as an intermedi-
ate when ethyl benzoate and lithium bis(trimethylsilyl)phosphide.

2 tetrahydrofuran react to yield either the orange red lithium 1-
phenyl-1,3-bis(trimethylsilyl)-1,2-diphosphapropenide-3 1,2-dimeth-
oxyethane (15) or the dark-green lithium 3,5-diphenyl-1,2-bis(tri-
methylsilyl)-1,2,4~-triphosphacyclopent-3-en~5-ide » 3 1,2-dimethoxy-
ethane (16). In this reaction lithium ethoxide and benzoylbis (tri-
methylsilyl) phosphine are expected to form first. Next, by exchang-
ing a trimethylsilyl group versus lithium at the phosphorus atoms
with excess lithium bis(trimethylsilyl)phosphide and by a subse-
quent elimination of lithium trimethylsilanolate, the acylphosphine
or its alkylidene isomer can be transformed to phenylmethylidyne-
phosphine. Finally, depending upon the applied conditions, the phos-
phaalkine and lithium bis(trimethylsilyl)phosphide which is still
present or which might be newly produced from tris(trimethylsilyl)-
phosphine and lithium ethoxide, undergo addition reaction$ to yield
compounds 15 and 16.

Also the formation of lithium 3,5-d4i(tert-butyl)-1,2,4-triphos-
phacyclopentadienide.3 1,2-dimethoxyethane (17) from [2,2-dimethyl-
1—(trimethylsiloxy)propylidene]trimethylsilyTEhosphine and lithium
bis(trimethylsilyl)phosphide.2 tetrahydrofuran can be expected to
proceed in a similar manner; however, the surprising elimination of
two trimethylsilyl groups has, as of the present, not been studied
in detail.
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For a detailed citation of literature see: G. Becker et al., Nova
Acta Leopcldina, Neue Folge Nr. 264, 59 (1985) 55, as well as rele-
vant abstracts of lectures of this meeting.



