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It is known that pentacovalent phosphoranes having positive chemical shifts 

(+32.1~ +89 ppm relative to 85% H3P04) in P31 nmr spectrum have the trigonal 

bipyramidal phosphorus. 
1, 2a-d On the course of our chemical and crystallo- 

graphic investigations, 3 we reported the structure of 2-troponylcyanomethylene- 

triphenylphosphonium betaine (Ia), which was characterized by a negative chemical 

shift (-6.8 ppm relative to 85% H3P04), wherein the phosphorus atom was close 

to the center of a tetrahedral configuration. Our attention was directed to 

the geometry of the phosphorus atom in connection with the chemical shift in 

P3l nmr spectrum. A very interesting finding is that even 2-troponylethoxy- 

carbonylmethylenetriphenylphosphonium betaine (Ib) which has a positive chemical 

shift (+66.9 ppm relative to 85% H3P04), does not form the P-O covalent bond and 

the geometry of the phosphorus atom is close to the trigonal bipyramidal 

structure. 

Investigated Ib (yellow in colour) exhibited: mp 182-3' C; C29H2503P (based 

on mass and analytical data); IR \)(nujol) 1674, 1586, 1502 cm-'; W h max (EtOH) 

266 (log E = 4.27), 272 (log E = 4.27), 403 (log E = 3.99), 463 (log s = 3.96) 

mu; H1 nmr (CDC13) ,$ppm, 6.23-7.93 (m, 20H), 3.53 (4, 2H, J = 7.5 Ha), C-82 

(-t,, 3H, J = 7.5 Hz); P31 nmr (CDC13, vs. 85% H3P04) d-P31 = +66.9 ppm. 

X-ray diffraction studies of Ib showed it to be orthorhombic, space group 

Pna21 with unit cell dimensions a = 16.94, b = 8.79, c = 15.71 1, V = 2339.26 

I', z = 4, Dcalc. = 1.29 F;cm-', DOSS. = 1.27 Fcmm3. A total of 1883 tbree- 

dimensional intensity data below 20 = 63' was collected on a Rigaku auto- 

diffractometer by the 3-18 scan method with MO-Ka radirtion. The structure 
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was solved by the heavy atom technique using the phosphorus atom. The 

final atomic parameters refined by the least-squares procedures are shown 

in Table 1. The R factor reached to 0.071. 

Figure 1 shows the molecule projected along the a axis. Compound Ib does 

not form the P-O covalent bond, but evidently there is some strong interac- 

tion4 between the phosphorus and oxygen atoms since the intramolecular P(2)- 

--O(l) distance of 2.14 g is cosiderably longer than the P-O(apica1 ) covalent 

bond in oxyphosphoranes (1.76-1.79 g),2a-d and is shorter than that found in 

Ia (2.36 1). Furthermore the intramolecular P(2)-0(13) distance, 3 .05 1, 

lies below the sum of the van der Waals radii (3.30 8). The bon< 1 engths of 

C(13)-O(1) and P(2)-C(3) are 1.27 and 1.76 8, which are significantly longer 

than those found in Ia, 1.22 and 1.70 8, respectively. These interesting 
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I a I?-CN 
b R=COOEt 

observations suggest that the resulting P ---0 distance may be regarded as 

"bonding betaine (V) 5,, which would be stabilized by a resonance hybrid 

between the covalent(I1) and ionic (I) forms among these structures. 6 In 

other systems, short S---O intramolecular distances were observed in homo- 

logues of thio-thiophthene. 7 

The phosphorus atom deviates 0.281 2 from the equatorial plane (C(3), C(16) 

and C(22)), while that in Ia deviates 0.371 1. The +ee angles in the phos- 

phorus atom are 121.3', 120.4', and 111.4', and the $ae angles are lc)3.5', 

132.8', and 93.4'. The mean ancle of 4ee is 117.6', and that of qae is 98.9'. 

These values indicate that the phosphorus atom is located closer to the center 

of a trigonal bipyramid than in the case of Ia as shown in Figure ?. 

The h*ptsfulvene moiety (C(3)-/C(lO)) in this cornround is planar and the 

maximum deviation from the least-squares plane is 3.01 1, and the exocyclic 

internal rotation angle between C(3) rnd C(4) atoms is 11.1'. 

The structure determination of some otlcr derivatives having positive 
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Figure 1. The 2-troponylethoxycarbonylmethylenetriphenyl- 

phosphonium betaine molecule projected along the a axis. 

Table 1. Atomic fractional coordinates with 

estimated standard deviations in parentheses. 
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Figure 2. Projection of the atoms 

(C(3), C(22), C(28), and O(l3)) on 

the plane (O(l)-P(2)-c(16)). 
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chemical shifts in P 
31 nmr spectrum is also in progress. 

We are thankful to Nichiden Varian Co., Ltd. for measurement of the P 
31 nmr 

spectra. We are also indebted to the laboratory technicians for measurement 

of mass, IR, W and nmr spectra. 
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