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Summary

Group VI metal(0) carbonyl complexes of diphosphenes, phosphaethylenes,
1-phosphaallene, and 1,3-diphosphaallene with the phosphorus atom in the low
coordination state were prepared, and the 3'P chemical shifts of these complexes
were found to correlate to one another: the structures in solution could be
determined by taking into account the correlation and phosphorus—tungsten cou-
pling constants in *'P NMR.

After we reported the sterically protected E-bis(2,4,6-tri-t-butylphenyl)diphos-
phene (1) for the first time [1], much attention has recently been drawn to
multiple-bond compounds containing phosphorus atom(s) in the low coordination
state, for their chemical reactivities and physico-chemical properties. We were also
successful in the preparation of less-hindered and unsymmetrical di-
aryldiphosphenes such as 2d and 4d [2], E- and Z-phosphaethylenes (5d and 6d) [3],
1-phosphaallene (7d) [4), and 1,3-diphosphaallene (9d) [5].

TABLE 1
L7(PW) OBSERVED IN THE TUNGSTEN(0) PENTACARBONYL COMPLEXES

Complex J(PW) (Hz) Complex LJ(PW) (Hz)
S¢ 271.0 3c 231.9
6¢c 2734 Te 268.6
4c 244.1 9 271.0
2 238.0 10c 227.1
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We now report interesting P NMR chemical shift correlations among the
phosphorus-coordinated Group VI metal(0) carbonyl complexes of multiple-bond
phosphorus compounds as described previously [3-7]. The 3'P NMR spectra were
recorded on a JEOL FX-90Q multinuclear spectrometer at 36.3 MHz using 85%
H,PO, as an external standard.

Figure 1 shows the plots of *'P NMR chemical shifts (in THF) of the complexes
2a-2c¢ and 4a—4c against those for 8a—8c¢, or equivalent, as reported by Bickelhaupt
[8] and Nixon [9). It is of interest to note that the 8(P) values of the complexes
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Fig. 1. Plots of 8(P) values (2a-2¢, 3a-3c, and 4a-d4c) against 8§(P) (8a—8¢c); r(2*B, 44B)=0.999,
r(3%) = 0.996.



C65

TABLE 2
1J(PP) (OR %/(PP) ) OBSERVED AS AN AB PATTERN OF *'P NMR

Compound J(PP) (Hz) Compound J(PP) (Hz)
2d 573.7 3c 579.8

44 5487 4a 503.5

2a 518.8 %% 500.5

2b 518.8 4c 498.1

2c 518.8 9a 39.1¢

3a 518.8 9% 36.6 “

3b : 585.9 9% 366 °

.2 2](PP) (Hz).

(2a-2c and 4a-4c) are found on the graph with a correlation coefficient of
r = 0.999. The two sets of §(P) values at higher field may be assigned to P* because
the slope is steeper than for the other (P®). In addition, for tungsten(0) carbonyl
complexes 2¢ and 4c, the peaks at the high-field position were accompanied by
satellite peaks due to coupling by the directly bonded '**W; with a 14.4% natural
abundance (S = 1/2), J(PW) (Table 1).

We have reported that complexes 2a—2c¢ isomerize to 3a—3¢ on irradiation with a
mercury lamp [7]. The 3'P chemical shifts of P* for 3a-3c¢ also correlate to those of
8a-8¢ (r = 0.996), whereas those of the uncoordinated P® remained almost con-
stant. Again the higher peaks of the tungsten complex 3¢ were accompanied by
satellites caused by '83W,

The 3P-{'H} NMR of complexes 2, 3, 4, and 9 (a—c) appeared as an AB pattern.
The coupling constants, “J(PP) (for 2-4) and %/(PP) (for 9a-9¢), are listed in Table
2,

Figure 2 shows the plots of 'P NMR chemical shifts of 6a—6¢ and 7a—-7c against
those of Sa-S5c in chloroform-d. The correlation factors for 6a—6¢ and for 7a—-7¢
were good (7 = 0.999), whereas those for the mesityl derivatives (8a—8¢c) were not.
The Group VI metal carbonyl complexes of 9d, 9a—9¢, were also obtained by a
method similar to that for 7a—7c¢ and the chemical shifts were plotted as shown in
Fig. 2. The plots were classified according to their correlation and slope, as shown in
Fig. 2. The correlation factor of the plot owing to the coordinated phosphorus (P#)
was 0.999, whereas the plots due to the uncoordinated phosphorus (P?) stayed
almost constant. Thus the 3P NMR spectrum of 9a-9¢ was assigned by this
correlation. The chemical shifts of (2,4,6-tri-t-butylphenylphosphine)metal com-
plexes 10a—10c¢ [6] correlate less well (r = 0.980), probably because hybridization of
the phosphorus atom in the phosphine 10 is different to that of the low coordinated
phosphorus atoms in 2-7. The same is true for the poor correlation of 5-7 with
8a—8c.

The chemical shifts are governed by diamagnetic, paramagnetic, neighboring-
atom, and steric effect terms [10). The main contributor to 3'P shielding might be
the paramagnetic term; however, the mechanism as to how the different metal
atoms, (i.e., Cr, Mo, or W) directly change these parameters is not clear.

A similar trend of coordination chemical shifts for phosphine complexes of
Group VI metal carbonyls has been found and occurs in the order Cr> Mo > W
[10,11]. '
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Fig. 2. Plots of 8(P) values (6a—6¢, 7a—7c, 9a—9c¢, and 10a—10c) against 5(P) (5a-5¢); (6,7, 9*) = 0.999,
r(10) = 0.980.

As for the metal coordination of multiple-bond systems, there are many possible
types [8,9,12,13]. It seems likely that all the complexes described here are of the type
with terminal-P coordination; even when in solution, the chemical shift correlation
and the observed J(PW) give a value which could be ascribable to a o-type
complex.

There is no apparent JJ(PP) correlation with the different Group VI metals, Cr,
Mo, and W; the same is true for the chemical shifts of uncoordinated ligands
(m = none) with 2a-2¢. Further theoretical studies on these complexes are in
progress.

This work was supported in part by the Scientific Research Grant-in-Aids from
the Ministry of Education, Science and Culture of Japan and the Kurata Research
Grant from the Kurata Foundation.
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