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2-PHOSPHA-ALLYLIC SYSTEMS

ALFRED SCHMIDPETER, ANGELA WILLHALM, JURGEN KRONER,
ROBERTA 0. DAY, JOAN M. HOLMES AND ROBERT R. HOLMES
Institut filir Anorganische Chemie, Universitdt Miinchen,
Meiserstrasse 1, D-8000 Miinchen 2

Department of Chemistry, University of Massachusetts,
Amherst, MA 01003, USA

Phosphamethincyanines prepared in 1964 by Dimroth and Hoffmann
were among the first compounds with two-coordinate phosphorus.
They are special cases of 2-phospha-allylic cations. Simple
representatives of this type become available from the reaction

of imidoyl chlorides with tris(trimethylsilyl)phosphane.

R +P(SiMe,y), R R
2 . toC —_— Cap-Cot
20N - ~byp-ly -
Me,NZ">CT1 Q1 -~ 3 Me.SiCI MezN P""SNMe, (]

3

They even form with white phosphorus; due to side- and secondary
reactions this route is, however, not preparatively useful.
As the m-charge alternates along a polymethincyanine chain,

the phosphorus in a symmetric phospha-methincyanine

| |

is expected to differ in character for even and odd numbers of n.
In contrast to phosphenium ions (N = 0) phospha-allylic cations
(n = 1) thus are little electrophilic, they are stable as ionic
chlorides and not sensitive to hydrolysis. They are colourless
to deep red, depending on the substituents at carbon and nitrogen.
Their 31
=112 to +172,

ST0-3G calculations show the bent coplanar form of the tetra-

P-NMR shifts extend over a remarkably large range from

amino 2-phospha-allylic cation to be favored by 100 kcal mol-]
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over the straight allene form. The phosphorus carries a m-charge
of ~0.5,

In highly acidic media 2-phospha~allylic cations are proton-
ated reversibly at the phosphorus as detected by (extremely high)

1

J Depending on the nature of R they are more or less easily

PH’
alkylated to dications.
+ ut
A DU L
/é (I: + +/C\ /C\+
MeZN >p” *NMeZ -— MezN/ ? SNMe,
H
Me,N  NMep Mel Me,N  NMep
(':\ é\"’ —_— +/(.:\ /C§+
Me, N~ SP7"NMe, Me,N* ll’ NMe,
Me

As indicated by the formulas used, allylic delocalization is com-
pletely destroyed with the phosphorus becoming three-coordinate.
This is clearly shown by a comparison of the two structures of

the tetrakis(dimethylamino) 2-phospha-allylic cation and its

P-methyl derivative.

Ab initio calculations result in a good agreement with the ob-
served structures, Furthermore, MNDO calculations indicate the
electrophile to approach the phosphorus in the above reaction not
in the allylic CPC plane, but rather almost perpendicular to it,
with the lone pair remaining stereochemically active all the time.
Ozone or hydrogen peroxide convert the 2-phospha-allylic

cations into their dioxides, which must be understood as zwitter-
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ionic amidinio-phosphinates.

0y
r o i b
-Cx ,C§+ _— N ~ /C§+
MezN P NMe2 Me2N Ji ) NMe2
00

2l L
MeZN \”P\ -\NNE2
00
As mentioned above, the phosphorus in 2-phospha-allylic
cations does not associate with the anion. Strong nucleophiles,
however, give rise to a substitution reaction leading to donor/
acceptor-substituted phosphaalkenes in the first, and to acceptor-

substituted phosphides in the second stage.

Lono : o
+ -
Me N-CSp-CshMe, T Me N Csp N — NG, CN
POR, " } }
Mezz gMiz 2 Mezz g POR,, g 9
~Cxp-Cs - AxpP=p T p PP
Me,N"“SP” " NMe, Me,N SPTUNGR Rp” ~PZIgR

This transformation can be reverted by reacting the phosphide
with imidoylchloride again.
In other cases C—addition of the anion is detected.

P0(0Et)2' W

N-Csp CPo(oEt),
NMe2

H H

| Loy
Me N-C3p-Cshme, T Me

2 2
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Of special preparative importance are nucleophilic substitution
reactions at the carbon. With hydrazines and hydroxylamines they

give rise to 1,2,4-diazaphospholes and -oxazaphospholes, respec-

tively,
R! R! +,Me
R R ‘N—N\ “N-N
be bt R R R4 )R
MezN/C\P,C\NMeZ + R'N2H3 — {\P)- —> {\P)_
0-N
+ HONH, —» pn- Spn
P
P
o
Me, N C3p-C3NMe, +,R

0-N
+ HONHR — Ph{xpl\—r’h

Although a 2-phospha-allylic system is formally still present
in the heterocycles, the ring closure causes an essential change:
the colour fades and the influence of R on 631P decreases. For
R = H the transition from cis,cis to the trans,trans position is
reflected by the sharp increase of 2JPH. In the 1,2,4~diazaphos-
pholes the phosphorus can no longer be alkylated or oxidized.

The representatives with R = H, R' # H are deprotonated by strong
bases in 5-position. In basic media they undergo a H/D-exchange,
fast in 5- and slow in 3-position. In general the 1,2,4~diaza-

phospholes resemble the pyrazoles or 1,2,4-triazoles in behaviour

and chemistry,



