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The Unusually Robust P-H Bond in the Novel Cation structure is not consistent with the observed allyl chloride loss, 
which may arise from structure 4. Thus we conclude that 
FeC6HloC12+ ion is actually a mixture of two complexes 3 and 
4. In order to test this hypothesis, ligand exchange was attempted: 
FeC6H,oC12+ was submitted to reaction with acetonitrile or tri- 
deuterated acetonitrile in the second collision cell, at a variable 
reaction time. The following reaction sequences were observed. 
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FeC3HSC1(CD3CN)+ ion, deriving from rapid replacement of 
allyl chloride by acetonitrile in structure 4, leads successively to 
FeCI(CD3CN)2+ and FeC1(CD3CN)3f ions. After a short time 
(ca. 0.2 ms) the sum of the relative intensities of these three ions 
remained constant and equal to approximately 40% of the total 
ion current. Therefore the m / z  208 ion mixture reacted with 
acetonitrile should contain ca. 40% of structure 4. The remaining 
slower reactions of m/z 208, involving either C6Hlo*+ formation 
or replacement of neutral C6HI0 with acetonitrile, are in good 
agreement with structure 3. 4 - 3 isomerization reactions will 
now be attempted. 

The reactivity of methallyl chloride with iron complexes was 
also investigated: with Fe(CO),+ it is the same as that of allyl 
chloride. With FeC3HSC1+ no significant ligand exchange was 
observed, as expected from structure 1; the major reaction was 
chloride abstraction. 

FeC,H,Cl+ + C4H7CI - C4H7+ ( m / z  55) + C3HSFeCI2 
C4H7CI 1 C8HI3+ ( m / z  109) 

Ion FeC6HloC~2+ gave the expected rapid but incomplete 
substitution of one allyl chloride ligand by methallyl chloride, 
followed however by complex reactions. 

The coupling reaction occurring within the FeC6Hl,,C12+ com- 
plex and leading after fragmentation to hexadiene radical cation 
is analogous to the transition-metal-promoted coupling of allylic 
halides in solution (Corey r eac t i~n ) . ' ~  Interestingly, occurrence 
of this solution-like reaction requires the presence of several ligands 
on the starting iron complex ion. Further investigation is in 
progress to determine the scope of this reaction concerning the 
nature of the metal ion and ligands as well as of the organic halide. 
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It was reported recently on the basis of N M R  solution data 
that the phosphatrane cation 1 is unstable and was therefore not 
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isolated.] In earlier publications from our laboratories, we ob- 
served, on the other hand, that the unstable prophosphatrane 2 
readily protonates to form the stable cation 3.24 Here we show 
that in contrast to 2, compound 4 is stable and is capable of 
deprotonating a variety of weak acids, including water, to form 
the unusually stable cation 5. 

Cation 5 is prepared as the chloride by adding a solution of 
(HMeNCH2CH2)3Ns (1.67 g, 11.4 mmol) in CH2C12 (20 mL), 
over a period of 5 min to a stirred solution of ClP(NMe2)2 (1.76 
g, 11.4 mmol) and Et3N (1.5 g, 15 mmol) in CH2C12 (30 mL). 
Stirring at room temperature for 1 h followed by removal of the 
solvent and Et3N afforded 5 as the chloride in quantitative yield. 
The salt was recrystallized from hexane/chloroform at -20 OC 
to give an 82% yield of the product as a colorless crystalline solid.6 
Treatment of 5 (CI-) with AgBF4 in CH2Cl2 gave the BF4- salt 
in quantitative yield. The 31P N M R  chemical shift of -10.6 ppm 
for 5 is indicative of five-coordinate phosphorus,f7 as is its one-bond 
H-P coupling constant of 491 Hz (3, 794 H Z ; ~  1, 849 Hz'). The 
existence of an N,,-P bond in 5 in solution is suggested by the 
observation of substantial PN,,CH2 coupling (4.7 Hz) and the 
observation of two-bond PN,,C coupling (6.1 Hz). These cou- 
plings are absent in prophosphatranes Z3 and 4.5 The structure 
of 5 was confirmed for the BF4- salt by X-ray crystallographic 
means (Figure 1): Although the H-P hydrogen in 5(BF4-) could 
not be located, the sum of the NPN angles in the equatorial plane 
(358.9 (4)O), the nearly right-angle relationship of the N,,-P bond 
with the N,-P linkages (average 86.3 (4)O), the detection of the 
1H-31P coupling in solution, and the directionality of the N,, lone 
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Figure 1. ORTEP drawing and atomic numbering scheme for 5(BF4-). 
Pertinent bond distances are P-N(1), 1.967 (8); P-N(2), 1.62 ( 1 ) ;  and 
P-N(3), 1.661 (7) A; important bond angles are  N ( l ) P N ( 2 ) ,  85.9 (4); 
N (  I )PN(3) ,  86.5 (2); N(2)PN(3) ,  120.7 (3); and h’(3)PN(3)’, 117.5 
(4)O. 

pair toward the phosphorus is consistent with the H-P proton 
occupying the vacant axial position. The P-N,, bond distance 
in 5 (1.967 A) is comparable to that in 3 (1.986 A).4 The con- 
siderably shorter P-N, distances compared with the P-N,, 
distance in 5(BF4-) may reflect a combination of the diminished 
u bond order in the axial three-center four-electron system’ and 
the lack of N,,-P A bonding. 

The first indication of the remarkable stability of 5 became 
evident in reaction 1, The presence of triethylamine was intended 
to remove HCI, thereby leading to the synthesis of the prop- 
hosphatrane 4 in reaction 2.1° Instead, 5(C1-) was isolated. 

( 1 )  

( 2 )  

Furthermore, efforts to remove the proton in 5(CI-) with DBU 
in DMSO, n-BuLi in THF, CaH, in CH2C1,, or KOH in refluxing 
toluene led only to the recovery of 5(C1-). Slowly heating 5(C1-) 
with a large excess of anhydrous NaOH to 200 OC under vacuum 
over a period of several hours also gave no indication of reaction. 
Above 200 OC a sudden sublimation of 4 from the reaction mixture 
is observed. Extraction of the crude reaction mixture with benzene 
afforded a 53% yield of 4.”,’* 

These results strongly imply that 4 is a powerful base. This 
was confirmed by monitoring with ‘H and 31P N M R  spectroscopy 
a CD,CN solution of 4 to which excess weak acid was added. 
Indeed, 4 deprotonates PhOH (pK, = lo), (CN),CH2 (pK, = 
1 protonated “Proton Sponge” (1,8-(bisdimethylamino)- 
naphthaleneH1, pK, = 12.3),14 (EtOOC),CH, (pK, = 13),13 and 
H 2 0  (pK, = 15.7)15 to give 5 as the only phosphorus-containing 
product. With 1 equiv of H20, an equilibrium mixture of 4 and 
5 is observed in a ratio of ca. 4: 1. It is noteworthy that the only 
product detected in the reaction with H 2 0  is 5 since P(NR,), 
systems are well known to be hydrolytically unstable, giving rise 
to P-N bond cleavage. The lack of reaction of 4 with t-BuOH 
(pK, = 16.5)16 indicates that the pK, of 5 is approximately 16. 

CIP(NMe2)z + (HMeNCH2CH2)zN 

-EtBNHCI 
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Thus 5 is a weaker acid by a t  least ca. seven orders of magnitude 
compared with typical R3PHf species (pK, = 8-9”). The diverse 
chemistry of this versatile system is currently under further in- 
vestigation. 
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Because of its fundamental nature and small size, the C3H7+ 
cation has been investigated extensively,’ both e~pe r imen ta l ly~-~  
and computationally.’.6-8 General features only have been es- 
tablished, not the detailed nature either of the two stable isomers 
(the 2-propyl cation and protonated cyclopropane) or of the related 
transition structures. The first minimum to be established by 
frequency analysis was published only very recently,8 and this did 
not benefit from optimization a t  electron-correlated levels. The 
super acid study of Saunders et aL2 led to three important con- 
clusions, based on the results of multiple labeling and of kinetic 
analysis of ?H and 13C scrambling. Both protonated cyclopropane 

‘Present address: IBM Wissenschaftliches Zentrum, Tiergartenstrasse 15, 
D-6900 Heidelberg, F.R.G. 

( I )  Reviews: (a) Coxon, J. M.; Battiste, M. A. In The Chemistry of rhe 
Cyclopropyl Group; Rappoprt, Z . ,  Ed.; J. Wiley and Sons: New York, 1987; 
Chapter 6. (b) Vogel, P. Curbocarion Chemistry; Elsevier: Amsterdam, 1985; 
pp 331. 

(2) Saunders, M.; Vogel, P.; Hagen, E. L.; Rosenfeld, J .  Arc. Chem. Res. 
1973, 6, 53. Also see ref Ib. 

(3) Lias, S. G.; Liebman, J. L.; Levin, R. D. J .  Phys. Chem. Re5 Data 
1984, 13, 695. (See Table 3.3, p 703.) 

(4) Chon, S.-L.: Franklin, J. L. J .  Am. Chem. SOC. 1972, 94, 6347. Also 
see: Viviani, D.; Levy, J. B. Int. J .  Chem. Kine?. 1979, 11, 1021. 

(5 )  Schulz, J. C.; Houle, F. A.; Beauchamp, J. L. J .  Am. Chem. Sor. 1984, 
106, 3917. 

(6) For a description of the theoretical model, see: Hehre, W.; Radom, 
L.; Schleyer, P. v. R.; Pople, J. A. Ab initio Molecular Orbital Theory; Wiley 
Interscience: New York, 1986. 

(7) Reviews: (a) Hehre, W. J.  In Applications of Electronic Strucrure 
Theory; Schaefer, H. F., 111, Ed.; Plenum Press: New York, 1972; Chapter 
7, pp 277. (b) Radom, L.; Poppinger, D.; Haddon, R. C. In Carbonium Ions; 
Olah, G. A., Schleyer, P. v. R., Eds.; Wiley: New York, 1976; Vol. V, Chapter 
38, pp 2303. 

(8) Dewar, M. J. S.; Healy, E. A.; Ruiz, J. M. J .  Chem. SOC., Chem. 
Commun. 1987, 943. No minima were identified in the highest level earlier 
study (Raghavachari, K.; Whiteside, R. A,; Pople, J. A,; Schleyer, P. v. R. 
J .  Am. Chem. SOC. 1981, 103, 5649); also see: The Carnegie-Mellon Quan- 
tum Chemistry Archive; 3rd ed.; Whiteside, R. A,, Frisch, M. F., Pople, J .  
A., Eds.; Carnegie-Mellon University: Pittsburgh, PA, 1983. 

0002-7863/89/ 15 1 1-3479$01.50/0 C 1989 American Chemical Society 


