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precision in this study (-*0.01 A and f0.5'), the two 
molecules are identical; one of the molecules is shown in 
Figure 1, and the lattice arrangement is shown in a ste- 
reoview in Figure 2. The pyrrole rings are planar (max- 
imum deviation = 0.005 A) and perpendicular (tilt angle 
= <lo) to the rotation cone created by the Mn(CO), 
pedestal. The molecule possesses near mirror-plane sym- 
metry defined by the atoms N(l) ,  Mn(l) ,  C(8), O(S), and 
the midpoint of the C(3)-C(4) bond. The recently re- 
determined structurell of ($-C5H5)Mn(C0), showed only 
a narrow range of Mn-C(ring) distances: 2.145 (2)-2.155 
(2) 8,. We find for the 3,4-dimethylpyrrolyl complex a 
much greater range 2.12 (1)-2.20 (1) A (both sets with 
rigid-body librational corrections). The values at the short 
end of the range are the Mn(1)-N(l), Mn(l)-C(2), and 
Mn(l)-C(5) distances, and the long distances are the 
Mn(1)-C(3) and Mn(1)-C(4) bonds. This pattern repre- 
sents some slippage" of the ring centroid toward N(1) by 
0.060 A from the intersection of the ring and the Mn-ring 
perpendicular vector. 

All previously reported structures of (v5-pyrrolyl)Mn- 
(CO), complexes have contained N-coordinated metallic 
groups.13 Where error limits have been low enough to 
permit a t  least a 0.03-i% discrimination, the same ring 
slippage is seen, although to a lesser extent. Since none 
of the previously determined ($'-pyrrolyl)Mn(CO), com- 
plex structures were corrected for librational effects, it is 
difficult to make precise comparisons. 

The C-N ring bonds, 1.37 A (average), are shorter than 
the C-C ring bonds, 1.41 8, (average). Within the esti- 
mated standard deviations of these parameters (and for 
the previously reported N-coordinated pyrrole complexes) 
no indication exists for either diene or allyl-ene localization 
within the ring. 

The Mn(CO), group conforms closely to that found in 
( v ~ - C ~ H ~ ) M ~ ( C O ) , . ~ ~  Unfortunately, we are unable to 
compare the X-ray structure of 2 with that of 3 because 
it formed an oil. 

The results of this investigation show the subtlety of 
factors that  affect rates of ligand substitution of transi- 
tion-metal organometallic complexes. Work in progress 
on such factors will be reported in more detail later. 
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Summary: Complexed aminophosphane ligands undergo 
a single NR,/F exchange on reaction with [Me,O] [BF,]; 
for instance, (CO),CrP(NEt,), yields (CO),CrPF(NEt,),. 
With (CO),CrPEt,NEt,, however, the ammoniophosphane 
complex [(CO),CrP(NEt,Me)Et,] [BF,] is formed. 

The first step in the acid cleavage of complexed ami- 
nophosphanes consists in the protonation of the nitrogen, 
thereby forming ammoniophosphane complexes.2 There 
have been attempts to isolate these intermediates, but only 
products contaminated by ammonium salts3t4 could be 
obtained. They have been characterized by NMR spec- 
troscopy in one case.3 Quite recently, the protonation of 
a complexed tricyclic aminophosphane led to an analyti- 
cally pure substance.j I t  is reasonable that the reaction 
stops at this stage because of the great stability of the cyclic 
ligand and that cleavage of the P-N bond does not occur 
as a consequence. The protonated complex behaves as a 
strong acid and reacts with bases to yield the starting 
complex. 

These results suggest that the reason why the initially 
formed ammoniophosphane complexes defied isolation, or 
even detection in most cases, lies in their great tendency 
to undergo cleavage of the P-N bond. For the preparation 
of stable ammoniophosphane complexes large anions with 
negligible nucleophilicity should therefore be used. Fur- 
thermore, we expected an additional stabilization by al- 
kylation instead of protonation. As a consequence of these 
considerations, we examined the reactions of amino- 
phosphane complexes with oxonium salts. Assuming that 
the stability of the desired compounds is enhanced with 
increasing electron density a t  the phosphorus atom, we 
started with 1. To our surprise, we isolated 2 in very good 

(CO)5CrP(NEt2)3 (CO)5CrP(NEt2)2F (1) 

yield. The formation of 2 parallels most reactions with 

~M~SOILBF~I  

1 2 
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Table I. 'H NMR Spectra of (CO)&rPEtzNEtz (3) and 
[ (CO)5CrP(NEtzMe)Et2][BF4] 4 (in CH2Clz) 

H' 

( C O ) 5 C r P h - C H c 3 ) z  
N ( c H ~ ~ - c H ~ ) ~  I 

2.02 
1.74 
1.11 
3.04 
1.15 

14.6 
7.3 
7.3 
6.8 
9.7 
0.2 

10.8 
9.1 

2.67 
2.39 
1.37 

1.57 
3.24 

15.1 
7.6 
7.7 
7.3 
9.4 
0.5 

17.7 
a 

3.37 (dl), 3.18 (d2) 

nBecause of the large quadrupole effect of the quarternary ni- 
trogen, the resolution is not high enough to allow the evaluation of 

stants. 

hydrogen halides insofar as it is not possible to isolate any 
intermediate complexes. 

Reaction 1 is very convenient for monofluorination, since 
even with a large excess of [Me30] [BF,] only one of the 
three NEtz groups is exchanged. This proved also to be 
the case with other compounds such as (CO),CrPPh- 
(NEt2)2 and (CO),CrP(-OC2H40-)NEt2, whereby 
(CO)&!rPPh(NEt,)F and (C0)&rP(-OC2H40-)F were 
obtained in 82% and 32% yields, respectively. 

If (CO),CrPPh2NEb is used as starting material, besides 
(CO),CrPPh,F (57%), cis-/tran~-(CO),Cr(PPh~F)~ (19%) 
is isolated. The latter compound stems from CO substi- 
tution. The ratio of mono- to disubstitution depends on 
the solvent used for the reaction; in CH2C12 it is 3:l and 
in 1,2-dimethoxyethane, 1:l. In both cases the cis/trans 
ratio is an almost constant 3:l. 

When substituents on the phosphorus were changed, we 
were able to synthesize 4 starting from 3. 4 is the first 

the 3JHdlP9 'JHdZP, 3 J ~ f ~ ,  'JHdlMet 'JHdZHe? and 'JHdlHdZ Coupling con- 

[(CO)SCrP(NEtzMe)Etzl [BF41 (2) 
4 

complex with a (trialky1ammonio)phosphane ligand. Al- 
kylation of the lone electron pair of the nitrogen atom of 
3 results in smaller donor/larger acceptor capacities of the 
phosphane ligand. Therefore, the CO-valence frequencies 
are shifted toward shorter wavelengths (3, 2050 (m), 1924 
(vs) cm-'; 4,2078 (m), 1959 (sh), 1930 (vs) cm-' in CH2C12). 
The large downfield shift of the 31P NMR signal from 115.7 
to 199.4 ppm is striking, since on protonation the signal 
is shifted in the opposite On the other hand, 
one would expect deshielding of the phosphorus when it 
is directly bound to a quarternary nitrogen with a full 
positive charge on it. The presence of the NEt2Me group 
is assured by 'H NMR spectroscopy. Conductance mea- 
surements in acetone are consistent with the formulation 
of a 1:l  salt. 

Compound 4 corresponds to the intermediates which are 
to be assumed in the fluorination reactions we discussed 
in eq 1. A t  present we cannot give a definite explanation 
for the stability of 4. However, it is remarkable that the 
phosphorus in 3 has only one substituent with a lone 
electron pair, the NEt2 group. So we are of the opinion 
that at least one nucleophilic group in the neighborhood 

0276-7333/87/2306-Ol99$01.50/0 

of the reacting NEtz group might be necessary for the 
activation of the fluorinating properties of the BF4- ion. 

Experimental Section. All experiments were per- 
formed under a nitrogen atmosphere by using Schlenk 
glassware. The solvents were free from moisture and ox- 
ygen. 

(CO)5CrPF(NEtz)z. To a 2.20g (5.0 mmol) of 1, dis- 
solved in 40 mL of CH2C12, was added 2.22 g (15.0 mmol) 
of [Me30] [BF,] as the solid. The mixture was heated at  
reflux for 48 h and then concentrated to 10 mL. Addition 
of 20 mL of hexane allowed removal of the excess oxonium 
salt by filtration. After evaporation of the solvent, the 
product was purified twice by dissolving it in hexane and 
subsequent by cooling to -78 OC; 1.68 g (87% yield) of a 
pale yellow oil (2) was obtained. Anal. Calcd for C13- 
HzoCrFNz05P (2): C, 40.42; H, 5.22; N, 7.25. Found: C, 
40.5; H,  5.2; N, 7.6. IR (hexane): uco 2070 (m), 1958 (s), 
1944 (vs) cm-'6 co 674 (m), 659 (m) cm-'; uPF 770 (m) cm-'; 
dPF 518 (w) cm- 9 . MS (70 eV): M+ 386 (6.2%). 19F/31P 
NMR (CDzC12): 6F -50.05 (d), 6p 198.17 (d), 'JpF = 1034.5 
Hz. 

[ (CO)&rP(NEtzMe)Etz][BF4]. Following the proce- 
dure given above 1.77 g (5.0 mmol) of 3 was treated with 
2.22 g (15.0 mmol) of [Me,O][BF,], but instead of hexane, 
20 mL ether was added to the concentrated solution to 
remove excess oxonium salt. The crude product was re- 
crystallized from 1:l CH2Clz/hexane to give 1.52 g of 4 as 
colorless crystals (mp 92 "C dec) in 66% yield. Anal. 

, Calcd for C14H23BCrF4N05P (4): C, 36.94; H, 5.09; N, 3.08. 
Found: C, 367; H, 5.1; N, 3.5. IR (CH2ClZ): vco 2078 (m), 
1959 (sh), 1930 (vs) cm-'. 31P NMR (CD2C12): 6 199.4. 
Conductivity in acetone: A(C-0) = 59.6 f 0.5 S.v&'cm2. 
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Summary: The mechanism of formation of a cationic 
(y-hydroxyalky1)molybdenum complex by the reaction of 
[(~-C5H5),MoH3]+[p-CH3C6H4SO3]- with a substituted 
allylic alcohol is discussed in terms of the olefin insertion 
into the Mo-H bond. The former was deprotonated by 
treatment with NaOH to give the neutral oxametallacycle 

1 i 

(V-C~H&MOCH&H(R')C(R~)(R~)O. 

Recently we reported the formation of the cationic 
molybdenum(1V) complexes (l), which possess a cyclic 
y-hydroxyalkyl structure, by the reaction of cationic tri- 
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