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UNUSUAL OXYGEN SHIFT DURING DIMERIZATION OF A°o>-PHOSPHAALKYNES

Harald Keller, Gerhard Maas and Manfred Regitz*

Department of Chemistry, University of Kaiserslautern, Erwin-Schridinger-Strafe
D-6750 Kaiserslautern, West-Germany

Summary: The phosphaalkynes ] - generated by reaction of chlorophosphines 3 with the silver
diazo compounds 4 — undergo spontaneous dimerization accompanied by a P - P O-shift
to yield the A3-diphosphetes 9. Their structural assignment is based on an X-ray
crystal structure analysis of—gg as well as on ring cleavage by water (3 ~ 10),

In contrast to A3cl-phosphaa1kynes 1 2’3, quinquevalent phosphaalkynes having coordina-
tion number 3 2 appear to be rather 1ittle known,

PuC— (33 1-Phosphorus)  >P=C— (A263-Phosphorus)
1 2

Intermediates of type 2 may be responsible for the formation of the hitherto known

Ab-diphosphetes il 4 and 12 5, starting from a chlorinated methylene phosphorane (thermally)
or a difluorophosphorane (BulLi), respectively. Further evidence comes from the photolysis
of a silylated phosphino diazomethane in which the intermediacy of a A503—phosphaa1kyne
could be proved by a trapping reaction with chloro trimethylsilane ~. In this context we
describe a simple access for phosphorylated A503—phosphaa1kynes and report on their un-
usual dimerization,

When equimolar amounts of chlorophosphines 3a,b and silver diazo compounds 4a,b are
reacted in dichloromethane at 20 ®C and the reaction mixture is concentrated, high-melting
crystals of the Ab-1,3-diphosphetes 9

9b: 263 °C (decomp.), colorless; 9c:

a-c are isolated [m.p. Ja: 275 ¢ (decomp.) yellow;
2

c
40 °c (decomp.), colorless].

In the first step of the one pot reaction, the phosphino diazo compounds § are formed
[5b: v(CNZ) =2060 cm’1] which decompose spontaneously with Nz—e1imination yielding thus the
phosphaalkynes 7 (A——B). Instead of [2+2] cycloaddition leading to A5-1,3-diphosphetes 6
or of carbene dimerization to give olefins, compounds 7 (A-——B) form dimers 9 in which ring

and exocyclic phosphorus atoms have apparently interchanged their substituents,
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A rationalization of this result is based on a cycloaddition process in which the P=C
bonds and PO-groups of two molecules I(A) are involved. The formation of the heterotricyclic
intermediates § is followed by ring opening giving rise to the final products 3. In the case
of 7b (R1 =R2 =R3 =Ph) identical A5-1,3-d1phosphetes arise from both the 7 - 6 and the
7 - 8 - 9 route, rendering the two mechanistic pathways indiscernible,

From the mass spectra of compounds 9a-c it follows that they are dimers of 7a-¢ (M+,
3-11%); furthermore the P - P oxygen shift in the case of 9a and ¢ is indicated by the frag-
ments M+—(1Pr2N)2P0 (28 and 78%, resp.). In the 31P-NMR--spectra (CDC13, 85% H3P04), ring and
exocyclic phosphorus atoms resonate within a very narrow range [9a: §=21.2 and 20.8, 9b: 6=

31.6 and 19.3, 9¢c: 6=239.6 and 24.3 (ZJP p =6.6 Hz)], so that attempts of assignment remain
doubtful.

The methylene phosphorane character of 9 is demonstrated by hydrolysis: If 9b and ¢ are
stored inmethylenechloride without the explicit exclusion of moisture, hydrolytic ring
cleavage occurs yielding 10b and ¢, resp. An analogous process is well established for open-
chain acceptor-substituted phosphorus ylides 7. Under these conditions, the diphosphete %a
is not attacked by water. The constitution of the hydrolysis products is based above all on
the results of NMR and mass spectrometric investigations as is shown exemplarily for 10b
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[ NMR(CDCT ): 6=4.04 (dd, %3, =12.85 and 12.93, 2H, CHy); TP NHR(CDCIy, 85% HyP0,):

o & _ . 2, ,
6=28.5 (d, Uy pg4=19.7 Hz, 2P, P-3 and P-4), 23.3 (d, Jp_1/p-p = 15.1 Hz, 1P, P-2),
17.4-18,1 (m, 1H, P-1); MS: m/e =815, 2% (M'), 415, 13% (M'-Ph,PCH,POPh,), 400, 17%
(Ph,PCH,POP, ) 1.

— - .0
dimeri- Rfl\ Rg /R3 21: 1l /RZ
zation P=—P<0

T R1/61\P—|=\\F'”R: R«?__--P\ R

RN N p P
i RZ R3 RJ R ‘i\R1
8 9 0
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R2\("3(3) () 1
R3'P> / ng (2> R1
1 P-R
R\ M\R3
rl- Rl
8-10: R'-R3 like 5-7) 0

The structural assianment of the 1,3-diphosphetes was ascertained beyond doubt by an
X-ray crystal structure analysis of 3a (Fig.1) 8. In the crystalline state, 9a is centro-
symmetric, i.e. the four-membered hetero-
Eyc]e is planar, P(l)ois displaced from
this plane by -0.085 A. The exocyclic and
endocyclic C~P bond lenqgths are equal
within their standard deviations (Fig.2).
Bond length equalization in the four-mem-
bered ring has also been observed in the
other two known diphosphetes 1l 4,9 and
12 S,and an explanation has been proposed
by Fluck 5. Comparison with the data for
1l and 12 suggests that the virtual
identity of the exocyclic and endocyclic

P-C distances in 9a is mainly due to

contribution from a dipolar resonance
+ . - i 10
Figure 1, ORTEP plot of 9a. The size of the structure, PhZ? —_-% ==P{0 (N PTZ)Z .
vibrational ellipsoids represents

a 33% probability
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Figure 2. Comparison of bond lengths (A) and angles

(°) in 9a, 11 and 12. 9a: Esd's are

0.002-0.003 R and 0,1-0.2%; P-C(phenyl) (NMe ) 1725 H
1.§17(3),01.313(3); P-N 1.687(3), 272 5 1725
1.672(3) A
P(NMe2)2
H 12
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