
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 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

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Directed Synthesis of Phosphorus-Carbon Cage Compounds—A Challenge
in Organophosphorus Chemistry [1]
M. Regitz; T. Weitling; R. Fässler; B. Breit; B. Geissler; M. Julino; A. Hoffmann; U. Bergsträsser

To cite this Article Regitz, M. , Weitling, T. , Fässler, R. , Breit, B. , Geissler, B. , Julino, M. , Hoffmann, A. and Bergsträsser,
U.(1996) 'Directed Synthesis of Phosphorus-Carbon Cage Compounds—A Challenge in Organophosphorus Chemistry
[1]', Phosphorus, Sulfur, and Silicon and the Related Elements, 109: 1, 425 — 428
To link to this Article: DOI: 10.1080/10426509608545181
URL: http://dx.doi.org/10.1080/10426509608545181

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may 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 form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
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/10.1080/10426509608545181
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1996, Vols. 109-110, pp. 425-428 © 1996 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science

Publishers SA
Printed in Malaysia

DIRECTED SYNTHESIS OF PHOSPHORUS-CARBON CAGE
COMPOUNDS — A CHALLENGE IN ORGANOPHOSPHORUS

CHEMISTRY [1]

M. REGITZ*, T. WEITLING, R. FASSLER, B. BREIT, B. GEISSLER,
M. JULINO, A. HOFFMANN, AND U. BERGSTRASSER

Fachbereich Chemie der Universitat Kaiserslautern, Erwin-Schrodinger-Strasse,
D-67663 Kaiserslautern, Germany

Abstract Reactions of the zirconium complexes 2 with hexachloroethane lead to the
tetraphosphacubanes 4 whereas extrusion of the Cp2Zr units by means of
(Ph3P)2NiCl2 gives rise to the tetraphosphacyclooctadienes 7. Polycyclic
phosphorus-carbon systems such as 11 or 14 and 13 are accessible from multi-step
reactions of the phosphaalkyne 5 (R = M3u) with dienes 9 or tropone (10),
respectively. The complex 16 obtained from the spirocyclotrimerization of the
phosphaalkyne 5 (R = t-Bu) with aluminum trichloride provides the starting point for
the construction of the bis(homo)prismane 19 and the hexaphosphapentaprismane
20. Furthermore, the phosphorus-carbon-aluminum cage compounds 12, 23, and 24
have been prepared from the phosphaalkynes 5 and the triorganoaluminum reagents
22.

INTRODUCTION

In contrast to their all-carbon or all-phosphorus analogs, phosphorus-carbon cage com-
pounds have only become accessible in the past few years and the phosphaalkynes 5 have
proved to be indispensable starting materials. Both purely thermal cyclooligomerization
reactions of the latter to furnish tetraphosphacubanes and -cuneanes as well as the corre-
sponding reactions in the presence of organometallic auxiliaries and the coupling reactions
of di- and triphosphacyclopentadienides with platinum(II) species are unselective and
provide merely modest yields [2]. In this communication, we present reaction strategies
for the specific syntheses of phosphorus-carbon polycyclic systems in good to excellent
yields.

RESULTS

The specific synthesis of tetraphosphacubanes 4 starts from the zirconocene-phosphaal-
kyne dimer complexes 2 which, in turn, are accessible from zirconocene dichloride (6) and
two equivalents of the phosphaalkyne 5 in the presence of magnesium or /i-butyllithium

[3].
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R

CI3C-CCI3

- Cp2ZrCI2,
-CI2C=CCI2

R

X
Zr Pp\

R 2

(Ph3P)2NiCI2

- 2Ph3P, - Ni,
- Cp2ZrCI2

Mg or /iBuLi

2 R-C=P
5

Cp2ZrCI2

6

R = ffiu, fPent, 1-Ad,
1 -Methyl-1 -cyclohexyl

R

Treatment of the complexes 2 with hexachloroethane effects removal of the zir-
conocene fragment to afford, after a further dimerization, the pentacyclic product 4 [3].
On the other hand, when the complexes 2 are treated with (Ph3P)2NiCl2 instead of hexa-
chloroethane, the tetraphosphatricyclooctadienes 7 containing a central P4 unit are ob-
tained. The 1,3- and 1,2-diphosphetes 1 and 3 are putative intermediates on the way to the
polycyclic products [4].

Reaction sequences initiated by Diels-Alder reactions of phosphaalkynes have
opened up previously unimagined possibilities for the synthesis of phosphorus-carbon
cage compounds.

rBu (9)

[4 + 21

+ SIR = iBu)
ene-reaction

rSu

jl
JBu H

12

(10)

[4 + 2]-in =
tramolecular

P=C-R

5 (R = I8u)

a) [4 + 2]

b) Homo-Diels-Alder

fBiK ^ =

Me Ma
a) )r^ ..4 + 2]

b) cyclopropyl-allyl-
rearrangement
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Thus, reactions of the dienophile 5 (R = f-Bu) with variously substituted 1,3-buta-
dienes 9 in a molar ratio of 2:1 furnish the diphosphatricyclooctenes 13 in optimum yields.
The reaction mechanism involves an initial [4 + 2]-cycloaddition, an ene reaction with the
second equivalent of 5 to give the cyclohexadienylphosphaalkene 12, and spontaneous
isomerization of the latter through an intramolecular Diels-AIder reaction to yield the
polycyclic product [5].

With the same stoichiometry, the initial reaction of 5 (R = t-Bu) with tropone (10)
affords the Diels-AIder adduct which then reacts with the second equivalent of 5 in a
homo-Diels-Alder reaction to provide the diphosphatetracycloundecadienone 11 [6]. The
dienophilic properties of such compounds can be exploited for the construction of further
polycyclic species (e.g. 11 -» 14); in this process the cycloaddition of the 1,3-diene is
followed by a sterically initiated cyclopropyl-allyl rearrangement [6].

In the presence of Lewis acids such as aluminum trichloride in a molar ratio of 1:3,
the phosphaalkyne 5 (R = f-Bu) undergoes spirocyclotrimerization to furnish the l-X^o2^-
XV-diphosphete-AlCl3 adduct 16 [7].

3P=C-R

5 (R = fBu)

AICI3

15

CH2CI2
O-»25 °C

fBu Q
DMSO

- DMSO • AICI3

16 (95%)
rBu

fBu

fBu

17
fBu

1,2I-P-rnigration

dimerization
(- rBu-CEC- rBu)

fBu

fBu
fBu rBu-CEP

Homo-Diels-
Alder-reaction

fBu (fin.

18

fBu

19 (40%)

fBu
> - P fBu

20 (30%)

When the more energy-rich spirocyclotrimer 17 is liberated from 16 by treatment
with DMSO as a Lewis base, it can only be detected by indirect methods: in di-
chloromethane at -45 °C rearrangement by [1,2]-P/P migration takes place to furnish the
Dewar 1,3,5-triphosphabenzene 18 which, under the prevailing conditions, can only be
trapped as 19 after a homo-Diels-Alder reaction with further 5 [7]. In the absence of a
trapping reagent, 17 dimerizes with loss of di-/-butylacetylene to the hexaphosphapen-
taprismane 20 [8].

When phosphaalkynes are allowed to react with triorganoaluminum reagents, the
latter are incorporated into the reaction products; solvent effects and the size of the sub-
stituents in the Lewis acid determine the product palette.

In the non-polar solvent /i-hexane (molar ratio 5:22 = 3:2) with moderately large
A1R'3 substituents (R' = Me, Et), the bis(homo)prismanes 21 with two-fold phosphonium-
aluminate character are formed. In the more polar solvent diethyl ether (molar ratio 4:1),
the tetracyclic products 23 are produced, again in high selectivity (yields in all cases &
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75%!) [9]. Voluminous substituents at aluminum (molar ratio 3:1) result in the formation
of the triphosphahomobenzvalenes 24 [10].

rBu

Et /p.
©p-A l e

Et ^ i I ' Et
Et Et
21 (90%)

(ratio 3:2;
R = rBu,
R' = Et)

Et2O

(ratio 4 :1 ;
R = rBu,
R' = Et)

rBu

Et

p
rBuV rBu

rBu

n-hexane
(ratio 3:1, R, R'
c.f. legend)

23 (75%)

24

2 4 (80-95%)

R
R1

rBu rBu rPent
rBu CH2CH(Ph)Me ;Bu
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