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SYNTHESIS OF 1H-DIPHOSPHIRENE, PHOSPHORUS-CARBON
CAGE AND 2,3-DIHYDRO-1,2,3-TRIPHOSPHETE TUNGSTEN
COMPLEXES

UDO ROHDE, HENDRIK WILKENS AND RAINER STREUBEL,
Institut fiir Anorganische und Analytische Chemie der Technischen
Universitit Braunschweig, Postfach 3329, D-38023, Braunschweig,
Germany. e.-mail: streubel@myvs.anchem.nat.tu-bs.de

Abstract: New 1H-diphosphirene and 2,3-dihydro-1,2,3-triphosphete
tungsten complexes have been synthesized, by thermal decomposition
of different 2H-azaphosphirene complexes in the presence of various
phosphaalkynes. Novel phosphorus-carbon cage complexes were ob-
tained, if a pentamethylcyclopentadienyl-substituted 2H-azaphosphi-
rene complex and alkyl-substituted phosphaalkynes were employed.

Keywords: phosphorus heterocycles, 2H-azaphosphirene complexes,
1H-diphosphirene complexes, 2,3-dihydro-1,2,3-triphos-
“phete complexes, phosphorus-carbon cage compounds.

INTRODUCTION

Although the first report of a 1H-diphosphirene was early as 1989,“1
knowledge about the reactivity of this heterocyclic system is still very
limited. Recently, first reactions of a transiently formed electrophilic
terminal phosphanediyl complex with phosphaalkynes yielding 1H-
diphosphirene complexes were reported.u'al Quite interesting, exclu-
sively a C-rert.-butyl-substituted 1H-diphosphirene complex displayed
a subsequent ring opening, leading, after a multi-step reaction, to poly-
cyclic heterocycles as final products. P-P bond cleavage followed by a

N . . Lo B
dimerisation/rearrangement reaction, was given as an explanation,
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Interestingly, no evidence for a three-membered/four-membered ring
cnlargement had been obtained.

First synthesis of a 1,2-dihydro-1,2,3-triphosphete complex
was achieved by thermal decomposition of a bis(trimethylsilyl)methyl-
substituted 2H-azaphosphirene complex in the presence of tert.-butyl-
phosphaalkyne. Later on, a non-coordinated 1,2-diliydro-1,2,3-tri-
phosphete was obtained by reaction of tetrakis(trifluoromethyl)cyclo-
tetraphosphane or trimethyl(trifluoromethyl)-A’A*-diphosphene  with
phosphaalkynes.®

We now describe synthesis of new 1H-diphosphirene com-
plexes, complexes of phosphorus-carbon cage compounds and of '1,2-
dihydro-1,2,3-triphosphete complexcs, which had been obtained by
thermal decomposition of different alkyl-substituted 2H-azaphosphi-
rene complexes (R = CH(SiMe,),, C;Me;) and/or different phosphaal-
kynes (R’CP: R* = N(SiMe,)Pr, ‘Bu, adamantyl).

Results

Thermal decomposition of 2H-azaphosphirene complexes 1a,b®! in
the presence of phosphaalkynes 2a: R = N(SiMe,)Pr; 2b: R = 'Bu; 2c:
R = adamantyl), all of them arc known by literature, yielded benzoni-
trile, LH-diphosphirene complexes 4a® b, novel phosphorus-carbon
cage compounds 5a,b"® and 1,2-dihydro-1,2,3-triphosphete complexes

6aLb™ in good yields. Although the 1H-diphosphirene complexes

dc-f could not be detected by P NMR spectroscopy, their formation,
which may proceed by [2+1] cycloaddition reaction of the transiently
formed terminal phosphanediyl complexes [(OC)W=PR] (3a: R =
CH(SiMe,),, 3b: R = C;Me;) with the phosphaalkynes 2a-c¢, seems
plausible (Scheme 1). '

Very interesting was the observation, that the transiently formed 1H-di-
phosphirene complexes 4e-f displayed different subsequent reactions.
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W(CO): W(CO);
Ra p/ ) R \P/ ’
N/=\C P==CR’ (2a-c) p/__\ -
N - PhCN N

1a,b Ph 4a-f R

SCHEME 1  Synthesis of lH-dlphosphuem, complexcs 4 a-f.

RIR: 2 N(SiMe;)YPrz=2'Bu iz adamantyl:
PCR 2a 2b 2c

CH(SiMe,), 4a 4e 4f

CMe; 4b 4c 4d

The formation of the phosphorus-carbon cage compounds 5a,b® is
explained, by an intramolecular [4+2] cycloaddition rcaction of the pen-
tamethylcyclopentadienyl-substituent with the P-C double bond of the
transiently formed 1H-diphosphirene complexes 4¢,d (Scheme 2).
Under these conditions, no formation of 1,2-dihydro-1,2,3-triphos-
phete complexes has been observed.

@ Oy
/W(CO) ‘ g ;
/ \ 4+2 P//\\ —

S . N

R
4cd Sab

® =CMe, 4¢,5a: R"=/Bu; 44,5b: R” =adamantyl

SCHEME 2 Intramolecular [4+2] cycloaddition reaction of
1H-diphosphirenes 4c.d.

The 31P{lH} NMR spectra of 4a,b and Sa,b, each having a spin sys-
tem of the AB-type, display resonances at high field. This is known to
be typical for phosphorus in a three-membered ring system. The magni-
tudes of the P-P coupling constants of 5a,b are smaller compared to
those of 4a,b, a finding, which is quite astonishingly.

In the case of 4e,f (R = CH(SiMe,),) insertion of phosphane-
diyl complex 3a into a P-C or P-P ring bond of the 1H-diphosphirene
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complexes 4e,f and subsequent loss of one pentacarbonyltungsten
moiety lead formally to the 1,2-dihydro-1,2,3-triphosphete complexes
6a,b (Scheme 3).

R 2 R
/ W(CO) T T/
— [RPW(CO)4) (3a)
p/__\C - [W(CO)4) / P\
Ny R W(CO)s
def 6 a.b

4e, 6a: R”="Bu; R = CH(SiMe3)y 4f, 6b: R” = adamantyl; R = CH(SiMe;),
3a: R = CH(SiMe3)2

SCHEME 3 Insertion of terminal phosphanediyl complex 3a into a ring
bond of 4e,f. ,

The 31P{IH} NMR spectra of 6a,b display each three distinct resonan-

~ces and coupling constants, indicating four-membered ring systems

with three types of phosphorus nuclei. Exclusively the P1 nuclei of 6a

L. 183 . S .
and 6b exhibit W satellites, thus giving further support for the struc-
tural proposal of 6a,b as mono-pentacarbony! tungsten complexes.
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