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Reactions of various cyclopentadienylmetal carbonyl derivatives with the dialkylaminodifluorophosphines (CHa)zNPFz, 
(C2HS)2NPF2, and CaHloNPFz (C:HloN = N-piperidino) are described. Thus CsHsV(C0)a reacts with CIHIONPFZ in boiling 
toluene to give the yellow disubstituted derivative C5HbV(CO)2(PF2NCjHlo)z. The methylmolybdenum derivative CHaMo- 
(CO)3CbHb reacts with (CHa)2NPF2 in acetonitrile a t  room temperature to give the yellow acetyl derivative CbHsMo(C0)2- 
(COCH3)[PF2N(CH3)2]. However, the analogous reaction of CHsMo(CO)&Hs with the N-piperidino derivative CSH~O- 
NPF2 results in loss of the methyl and cyclopentadienyl groups to give cis-(CsHloNPFz)4Mo(C0)z. Ultraviolet irradiation 
of C3HeMo(CO)2C5H5 with (C2H;)pNPFz gives yellow CjHeMo(CO)(CaHa)[PFzN(CzHfi)z]. Reactions of CIHIMO(CO)~CI 
with the three dialkylaminodifluorophosphines RzNPFz in boiling benzene give the orange monosubstituted derivatives 
CjHsMo(C0)2(PF2NR2)C1 and/or the orange disubstituted derivatives CsHjMo(CO)(PF2NR:!)zCl depending upon the mole 
ratios of reactants. Reaction of C5HjMo(CO)[PF2N(CHs)2]~C1 with triphenylphosphine in boiling benzene gives red 
CjH,Mo(CO)[PF2N(CHs)p] [ P ( C G H ~ ) ~ ]  C1 with five different groups bonded to the central molybdenum atom. Ultraviolet 
irradiation of CaHaMn(CO)3 with the dialkylaminodifluorophosphines RzNPF2 (R = CHs or Rz = CsHlo) gives the yellow 
crystalline monocarbonyls CjHjMn(CO)(PFzNRz)2. Reaction of [CaHsFe(C0)2]2 with (CzHs)zNPFz in boiling benzene gives 
a mixture of the gray monosubstituted derivative ( C ~ H ~ ) Z F ~ Z ( C O ) ~ P F Z N ( C ~ H ~ ~ ) ~  ant1 the green disubstituted derivative 
(C6H:,)2Fe2(C0)2[PF2N(C2Hj)2]2. Reactions of the methyliron derivative CHsFe(CO)2CbH~ with the three dialkylamino- 
difluorophosphines RzNPFz in boiling methylcyclohexane give the yellow acetyliron derivatives CsHsFe(CO)(COCHs)- 
(PF2NR2). Ultraviolet irradiation of the halides CjHaFe(C0)2X (X = Br or I )  with the dialkylaminodifluorophosphines 
RzNPFz in benzene solution gives the monosubstituted derivatives CbHaFe(CO)(PF2NR2)X and/or the disubstituted deriva- 
tives CsHaFe(PFzNRz)2X depending upon the mole ratios of reactants. Reaction of CsHjFe(C0)zI with AgBFa in tetra- 
hydrofuran solution followed by addition of CsHloNPFz gives the yellow cation [CIHSF~(CO)ZPFZNC~HIO] + isolated as its 
hexafluorophosphate salt. The fluorine nmr spectra of the derivatives C~H~MO(CO)(C~HS)[PFZN(CZH~)Z] (0.9 ppm), 
CSHjMo (CO) (PF2NR2)2Cl (3.2-3.9 ppm), CaHaFe(C0) (COCHI) (PFzNRz) (1.2-1.8 pprn), and CsHsFe(PFZNR2)2I (4.1-4.2 
ppm) exhibit patterns corresponding to the indicated chemical shift differences between the two fluorine atoms of each 
RzNPFz ligand. 

Introduction 
During the last 15 years the chemistry of the metal 

carbonyls has been shown to be an area of coordination 
chemistry of considerable extent and i m p ~ r t a n c e . ~  The 
extent of metal carbonyl chemistry arises a t  least par- 
tially from the high a-acceptor strength of carbon mon- 
oxide. The resulting high ability for carbon monoxide 
to remove electron density from transition metals sta- 
bilizes low and negative oxidation states and enables 
stable zerovalent transition metal derivatives with sev- 
eral carbonyl groups to be prepared. The importance 
and extent of metal carbonyl chemistry makes of inter- 
est a study of the chemistry of transition metal deriva- 
tives of other very strong a-acceptor ligands. One such 
very strong n-acceptor ligand is phosphorus trifluoride 
(trifluorophosphine) . In  very recent years the scope 
and extent of the chemistry of metal trifluorophosphine 
complexes has been shown to rival that  of the metal 
carbonyls.5 

Other potential ligands closely related to  the strongly 
n-accepting phosphorus trifluoride are also of consid- 
erable interest. Replacement of one of the fluorine 
atoms of phosphorus trifluoride with a less electronega- 
tive group gives a series of potential ligands of the type 
YPFz where the n-acceptor ability can be made to vary 
within wide limits depending upon the characteristics 
of the Y group. Of particular interest is the series 
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(4) For a summary of metal carbonyl chemistry see R.  B. King, "Transi- 
An Introduction," Academic Press, 

of Fluoi-ine Chemistry, Milwaukee, Wis., June 1970. 

of General Medical Sciences, 1969-1970. 

tion Metal Organometallic Chemistry: 
New York, N. Y . ,  1969. 

( 5 )  T. Kruck, Angew. Chem., Inl .  Ed .  Engl., 8 ,  53 (1967). 

PF3, RtNPF2, (RzN)zPF, and (RzN)3P since the first 
member of the series (PF,) has a similarly high a-accep- 
tor strength compared to  carbon monoxide as discussed 
above6 whereas the last member of this series [ ( R z N ) ~ P ]  
at  least in the case of tris (dimethylamino)phosphine6J 
has a similarly low n-acceptor strength compared to 
tertiary phosphines with three ordinary alkyl or aryl 
groups. A study of metal complexes of the ligands 
RzNPFz and (R2N)zPF thus provides a useful indication 
of the chemical properties of transition metal complexes 
of ligands of intermediate n-acceptor strengths. 

This paper discusses the reactions of various cyclo- 
pentadienylmetal carbonyl derivatives with the dialkyl- 
aminodifluorophosphine, RzNPFz (R = methyl, ethyl, 
and N-piperidino; in this paper CbH1ON always refers 
to the N-piperidino group). Reliable preparations of 
these dialkylaminodifluorophosphines were first de- 
veloped by Schmutzler in 1964.8 These dialkylamino- 
difluorophosphines were shown8 to form stable zero- 
valent metal complexes of the types (RzNPF2)4Ni and 
cis-(R2NPFZ)BMo(CO)a by reactions of the free ligands 
with Ni(C0)4 and the cycloheptatriene complex C7H8- 
Mo(CO)s, respectively. Furthermore, the dialkyl- 
aminodifluorophosphines have been shown to bond to  
transition metals through the phosphorus atom rather 
than the nitrogen atom.8 The relative stability and 
ease of formation of these coordination complexes of the 
dialkylaminodifluorophosphines made promising the 
prospects for the preparation of a wide range of their 
'coordination complexes with other types of transition 
metal systems. 

(6) R. B. King, Inorg.  Chem., 2, 936 (1963). 
(7) R. B. King and T. F. Korenowski, ibid., 10, 1188 (1971). 
(8 )  R. Schmutzler, ibid. ,  3, 415 (1964). 
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TABLE I 
REACTIOSS OF CYCLOPEXTADIENYLMETAL CARBONYL DERIVATIVES WITH DIALKYLAMINODIFLUOROPHOSPHISES 

Metal complex useda 

mmol) 

3 .85  mmol) 

3 .85  mmol) 

3 . 9  mmol) 

54 mmol) 

3 . 6  mmol) 

3 , B  mmol) 

CpMo(C0)aCl (2 .0  g, 
7 . 2  mmol) 

CpW(C0)aI (0 .5  g, 
1.1 mmol) 

CpMo(C0) (PFzXMez)zCI 
(1.0 g, 2 .2  mmol) 

CpMn(C0)s (1 .0  g, 
4 .9  mmol) 

CpMn(C0)a (1.0 g, 
4 . 9  mmol) 

CpMn(C0)a (14 g, 69 
mmol) 

[CpMn(CO)zNO] [PFs] 
(1.1 g, 3 . 1  mmol) 

[CsHsFe(CO)zlz (1,O g, 
2 .9  mmol) 

MeFe(C0)zCp (0.8 g, 
4 . 2  mmol) 

MeFe(C0)zCp (1,O g, 
5 , 2  mmol) 

MeFe(C0)zCp ( 1 , O  g, 
5 . 2  mmol) 

CpV(C0)a (0 .7  g, 3 . 1  

MeMo(C0)sCp (1.0 g, 

MeMo(C0)aCp ( 1 . 0  g, 

CsHfiMo(C0)zCp (1.0 g, 

CpMo(CO)aC1 (15.0 g, 

CpMo(CO)sC1 (1.0 g, 

CpMo(C0)aCI (1.0 g, 

CpFe(C0)zI (1 .0  g, 
3.3 mmol) 

CpFe(C0)zBr (1.0 g, 

CpFe(C0)zI (10.0 g, 

CpFe(C0)rI (1 .0  g, 3 . 3  

3 . 9  mmol) 

32 .9  mmol) 

mmol) 

Ligand usedC 
CaHiaNPFz (1.78 g, 

11 .6  mmol) 

18.8 mmol) 
CsHiaR7PFz (1.62 g, 

1 0 . 6  mmol) 
EtzNPFz ( 0 , 6  g, 

4 . 3  mmol) 
MezNPFz (14.6 g, 

129 mmol) 

7 . 0  mmol) 

EtzNPFz (0.5 g, 
3 . 6  mmol) 

EtzNPFz (0.75 g, 
5 . 3  mmol) 

CaHioNPFz (1.22 g, 
8 . 0  mmol) 

PhsP (0.57 g, 
2 . 2  mmol) 

MezNPFz ( 2 , Q l  g, 
2 5 . 7  mmol) 

CsHioiYPFz (3.03 g, 
19.8 mmol) 

CrHioNPFz (21.2 g, 
138 mmol) 

EtzNPFz (0.6 g, 
4 .25  mmol) . 

EtzNPFz ( 0 . 5  g, 
3 , 5  mmol) 

6 . 9  mmol) 

6 . 4  mmol) 

14.1 mmol) 

EtzNPFz (0.6 g, 

MezNPFz (2.13 g, 

CsHioNPFz (1.08 g, 

MezNPFz (0.78 g, 

EtzNPFz (0.9 g, 

CsHioNPFz (2,16 g, 

4 mmol) 

14.1 mmol) 

113 mmol) 

CsHioNPFz (2.16 g, 

CaHioNPFz (17.3 g, 

CnHiaNPFz (1.1 E. 
AgBFa (0.7 g, 3 , 6  mmol) J 7 .2  mmol) 

Solventd 

Toluene (25 ml) 

CHsCN (25 ml) 

CHaCN (25 ml) 

MCH (40 ml) 

CSHB (150 ml) 

CsHe (50 ml) 

CsHs (50 ml) 

CSHS (50 ml) 

CsHe (50 ml) 

CeHs (50 ml) 

c-CsHiz (400 ml) 

C-CsHiz (400 ml) 

c-CeHiz (400 ml) 

h4eOH (40 ml) 

MCH (125 ml) 

MCH (40 ml) 

MCH (40 ml) 

c-CeHiz (30 ml), 
CsHs (30 ml) 

T H F  (30 ml) 

Temp, 
= C  

110 

25 

25 

25 ( u v ) ~  

80 

80 

80 

80 

80 

80 

25 ( u v ) ~  

25 ( u v ) ~  

25 ( u v ) ~  

65 

80 

101 

101 

101 

25 ( u v ) ~  

25 ( U V ) ~  

25 ( u v ) ~  

25 

Time, 
hr 

20 

2 

18 

8 

22 

23 

20 

19 

7 

29 

9 

9 

93 

4 

12 

23 

10 

18 

8 

20 

11 

15 

Productajb 

CpV(CO)z(PFzNCiHio)z 

CpMo(CO)z(COMe) (PFzNMez) 

cis- (CfiHioPFz)rMo (C0)z' 

CpMo(C0)  (CaH5) (PFzNEtz) 

CpMo(C0) (PFzNMea)zCI 

Cp?sfo(CO) (PFzNCsHio) zC1 

CpMo(C0) (PFzNEt2)zCI 
CpMo(C0) 2(PFzNEt2) CI 

CpMo(C0) z(PFzNEtz) C1 

CpW (CO)a(PFzNCsHia) I 

CpMo(C0)  (PFzNMez) (PPhs)CI" 

CpMn(C0)  (PFzNMez)z 

CpMn(C0)  (PFziYCsHm)z 

CpMn(C0)  (PFzNCaHio)? 

[CphIn(CO) (NO)P(OMe)al [PFsI' 

CpzFez(CO)s(PFzi%Etz) 
CpzFez(C0) z(PFzNEtz)z I' 

CpFe(C0) (COMe) (PFzNhIez) 

CpFe(C0) (COMe) (PFziYEtz) 

CpFe(C0) (COMe) (PFzNCsHio) 

I' CpFe (PFzKEtl) 21 

CpFe(PFz2TCsHlo)zBr 

CpFe(PFnNCsHio) 21 

CpFe(C0) (PFziTEt2)I 

[CpFe(CO) zPFzNCzHin 1 [PFal 

Yielde 

0.087 g ( 6 % ) f , "  

0.58 g (40%)h8Q 

Low' 

0 .21 g (17c/o)0,2 

18.2 g (76%)% 

0 . 5 8  g (3l%)frf  

0 .10  g (Q%)',B 
0 48 g (34%)f$' 

0.83 g (29%)',' 

0 .31  g (48%)' 

0 . 3 5  g (27%)m 

0 . 4  g (22%)')'' 

0.57 g ( Z S % ) f > O  

23.9 g (77%) 

0.51 g (377,)P 

0.10 g (7%)"Q,q 
0 . 2 1  g (21%)'lC3~ 

0 . 3  g (23%)' 

0 . 8  g (46%)' 

1 . 0  g (56c/o)',U 

0 .86  g (62%)'36' 
0 . 3 5  g (30%)I,Q 

0 .24  g (12%)' 

12.9 g (70%)" 

The following abbreviations are used: Cp, r-cyclopentadienyl; Me, methyl; Et ,  ethyl. The order of listing two products from 
a single reaction corresponds to their order of elution from a chromatography column. For the purpose of estimating the quantities 
of ligands used by volume rather than weight measurements the following specific gravities can be used: Me&PF2, 1.12 g/ml; C5HlO- 
NPFz, 1.08 g/ml. The following abbreviations are used: MCH, methylcyclohexane; c-C~HYZ, cyclohexane; MeOH, methanol; 
THF,  tetrahydrofuran. Acetonitrile was purified by distillation over phosphorus pentoxide and tetrahydrofuran by distillation over 
lithium aluminum hydride. f Chro- 
matography on a 30-60-cm alumina column in pentane or 30-60" petroleum ether solution. Pentane or petroleum ether was used as 
the developing and eluting solvent with sufficient diethyl ether added to make the bands mobile. 0 The crude product was dissolved in 
a minimum of pentane a t  room temperature. The product was crystallized from the filtered pentane solution by cooling to -78". 

i The c ~ ~ - ( C ~ H I ~ N P F Z ) ~ M O ( C O ) Z ,  
mp 150-152' (lit.8 mp 142.0-142.8O), was shown by its infrared spectrum to be identical with that reported by R. Schmutzler, Inorg. 
Chem., 3, 415 (1964). j The crude product was recrystallized from a mixture of boiling diethyl ether and hexane. Ultraviolet irradia- 
tion was used for this reaction. The crude 
product was recrystallized from a mixture of dichloromethane and hexane. fi Attempted chromatography of this product as in footnote 
f led to decomposition. 0 This product formed yellow crystals, mp 175". Anal. Calcd for C ~ H M F ~ M ~ N O ~ P ~ :  C, 24.2; H, 3.1; 
F, 25.5. Found: An identical product was obtained from the reaction of [C5H5Mn(C0)&0] [PFsl with 
trimethyl phosphite in boiling acetone. p Crystals of the crude product separated upon concentrating the reaction mixture a t  25' 
(25 mm). They were recrystallized from a mixture of methanol 
and diethyl ether. 4 The residue which remained after evaporating the reaction mixture a t  25" (35 mm) was extracted repeatedly with 
30-60' petroleum ether. This dissolved the monosubstituted derivative (CsH5)2Fe2(C0)3(PF2NEt2) but left behind the disubstituted 
derivative ( C F , H ~ ) Z F ~ Z ( C ~ ) ~ ( P F ~ N E ~ ~ ) ~ .  7 The crude product was recrystallized from diethyl ether. * Chromatography was carried out as 
in footnotef except that silica gel rather than alumina was used. t The CaHjFe(C0)21 and A4gBF4 were stirred in the tetrahydrofuran 
for 20 min and the precipitated silver halide was removed by filtration before addition of the ligand. Solvent was removed from the 
reaction mixture a t  25" (35 mm). The residue was extracted with -100 ml of acetone in several portions. The filtered acetone solu- 
tions were concentrated a t  25' (35 mm) and treated with diethyl ether to give a sticky solid precipitate. This precipitate was dis- 
solved in water and treated with excess aqueous ammonium hexafluorophosphate. The resulting yellow precipitate was filtered, washed 
with water, and crystallized from a mixture of acetone and diethyl ether. 

* The isolation and purification procedures for a given product are indicated by the cited footnotes. 

Chromatography was carried out as in footnote f except Florisil rather than alumina was used. 

1 Chromatography on a 30-60-cm alumina column. Pentane was the only solvent used. 

C, 24.2; H,  3.1; F, 26.1. 

These crystals were filtered, washed with diethyl ether, and dried. 

Experimental Section filtered solutions of organometallic compounds, and (c) ad- 
mitting to evacuated vessels containing organometallic com- 

A nitrogen atmosphere was always provided for the following pounds. Ultraviolet irradiations were carried out using a 
jacketed Englehard-Hanovia 450-W mercury ultraviolet lamp three operations: (a) carrying out reactions, (b) handling all 
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TABLE I1 
CYCLOPENTADIENYLMETAL COMPLEXES OF DIALKYLAMINODIFLUOROPHOSPHINES 

Analyses,b % 7 

Other----. r-C-- --H--. --F----.,-- 
Compd Color Mp,O OC Calcd Found CalcdFound Calcd Found Calcd Found 

C5HsV(CO)z(PFzNCsHio)z Yellow 113-114 42.6 41.0 5.2 5 .4  15.9 15.8 5 . 8  (N) 5 . 3  (N) 
CsH5Mo(CO)2( COCH3) (PFzNMez) Yellow 61 35.3 35.2 3.7 3 . 7  10.0 10.6 3 . 7 ( N )  3 . 7  (N) 
C~H~MO(CO)(C~H~)(PFZNE~Z) Yellow 55 42.1 41.9 5 .4  5 .6  10.2 10.2 
CsH&Mo( CO) (PFzNMe2)zCl Orange 117-119 26.6 27.0 3.8 3 . 8  16.9 17.3 21.3 (Mo) 21.7 (Mo) 
CsHsMo(CO)z(PFzNEtz)Cl Yellow-orange 138-139 33.5 33.7 3 . 8  3 . 7  9 .6  9 .7  
C ~ H ~ M O ( C O ) ( P F Z N E ~ Z ) Z C ~  Yellow-orange 111-112 33.2 34.2 4.9 4 .9  15.0 15.9 
C5H5Mo(CO)(PFzNCsHio)zCl Red-orange 131-133 36.2 36.8 4 . 7  4.7 14.3 14.2 .18.2 (Mo) 18.7 (Mo) 
Ci"W (CO )z (PFzNCsHio )I Orange-brown 159-160 24.6 25.6 2 . 5  2 .8  6 . 5  5 . 9  

CsHsMn(CO)(PFzNMe2)2 Yellow 40 32.1 32.4 4 .5  4 . 8  20.3 21.1 14.7 (Mn) 15.4 (Mn) 
C ~ H ~ M ~ ( C O ) ( P F Z N C ~ H ~ O ) Z  Yellow 70 43.5 42.9 5 . 5  5.4 16.7 16.7 
(C~H~)ZF~Z(CO)Z(PFZNE~Z) Gray-green 138-139 43.5 43.6 4 . 3  4 .4  24.0 (Fe) 23.7 (Fe) 
(C5H5 )zFez(CO )Z (PFzNEtz )Z Green 156-157 41.4 41.4 5 . 2  5 . 2  13.1 13.3 19.3 (Fe) 19.2 (Fe) 
CsH5Fe(CO)(COCH3)(PF~NMez) Yellow-brown Liquid 39.4 40.3 4 .6  4 . 8  12.4 12.9 
C~H~F~(CO)(COCH~)(PFZNE~Z) Yellow Wax 43.2 43.4 5 .4  5 . 5  11.4 11.3 16 .8(Fe)  16.8(Fe) 
C~H~F~(CO)(COCH~)(PFZNC~HIO) Yellow 41-42 45.1 45.3 5.2 5 .4  11.0 11.0 17.0 (Fe) 16.8 (Fe) 
C6H6Fe( CO) (PF2NEtz)I Gray 90-91 28.8 29.9 3 . 6  3 . 8  9 . 1  9 . 3  13.4 (Fe) 12.6 (Fe) 
CsHsFe( PF2NEtZ)zI Dark red 99-100 29.9 29.9 4 . 7  4 . 8  14.3 14.5 10.6 (Fe) 10.3 (Fe) 
CsHsFe( P F Z N C ~ H ~ ~ ) Z B ~  Red 94-96 35.5 35.8 5 .0  5.6 15.0 13.7 11.1 (Fe) 9 .3  (Fe) 

[ C ~ H ~ F ~ ( C O ) Z ( P F Z N C ~ H ~ ~ ) ~  [PFe] Yellow 30.3 30.3 3 .2  3 . 2  32.0 32.1 11.8 (Fe) 11.8 (Fe) 
a Melting points were determined in open capillaries and are uncorrected. Microanalyses were performed by Pascher Mikroanaly- 

tisches Laboratorium, Bonn, Germany, and Meade Microanalytical Laboratory, Amherst, Mass. Anal. Calcd: C1, 5.9; 0, 2.7. 
Found: C1, 7.7; 0, 2.7. 

C5H5Mo(CO)(PF2NMez)(PPha)C1 Red 234-236 52.0 51.4 4 . 3  5 . 2  6 . 3  6 . 0  2 . 3  (N)c 2 . 8  (N)" 

C ~ H ~ F ~ ( P F Z N C ~ H ~ O ) Z I  Dark red 128-130 30.7 32.4 4 . 5  4 . 6  13.7 13.8 5 . 1  (N) 3 . 9  (N) 

immersed into the reaction mixture. All reactions described in 
this paper were carried out with magnetic stirring. 

Materials.-The dialkylaminodifluorophosphines RzNPFz 
(R = methyl and ethyl or RZ = N-piperidino) were prepared by 
fluorination of the corresponding dialkylaminodichlorophosphine 
RzNPClz either with antimony trifluoride in the absence of a 
solvent or with sodium fluoride in tetramethylene sulfone ac- 
cording to published procedures.8 The following metal car- 
bonyls were purchased from the indicated commercial sources: 
M(C0)e (M = Cr, Mo, W) (Pressure Chemical Co., Pitts- 
burgh, Pa.), [Na(diglyme)zl [V(C0)6] [(Strem Chemical Co., 
Danvers, Mass.), CjHeMn(C0)3 (Ethyl Corp., New York, 
N. Y.), and Fe(C0)a (GAF Corp., New York, N. Y.). The 
organometallic compounds C,HSV(CO)~,~~ C H ~ M O ( C O ) & ~ H ~ , ~ ~  
[CGH~F~(CO)Z]  z , ~ ~  C5HsFe(CO)zI,Qd C ~ H ~ M O ( C O ) Z C ~ H ~ , ~ ~  CjHs 
M O ( C O ) ~ C ~ , ~ ~  C5HaFe(CO)zBr,12 and [ C ~ H ~ M ~ ( C O ) Z N O ]  [PFe] l3 

were prepared by the cited published procedures. The reaction 
of NaW(C0)aCaHP with iodine was used to  prepare CaH5W- 
(co)3I. 

Reactions of Cyclopentadienylmetal Carbonyl Derivatives with 
Dialkylaminodifluorophosphine (Table I).-The quantities of 
the cyclopentadienylmetal carbonyl derivative and dialkyl- 
aminodifluorophosphine indicated in Table I were stirred, heated, 
or exposed to  ultraviolet irradiation in the indicated solvent a t  
the indicated temperature for the indicated period of time. Sol- 
vent was then removed from the reaction mixture under vacuum 
a t  room temperature. The product(s) was (were) isolated from 
the residue by the combinations of chromatography and/or 
crystallization indicated in Table I. 

The properties of the new compounds prepared in this work, 
including elemental analyses, are given in Table 11. 

Spectroscopic Studies.-Infrared spectra (Table 111) of the 
new cyclopentadienylmetal complexes of the dialkylaminodi- 
fluorophosphines were taken in the v ( C 0 )  and v(PF) regions in 
the indicated media and were recorded on a Perkin-Elmer 
Model 621 spectrometer with grating optics. The proton and 
fluorine nmr spectra of the new compounds prepared in this 
work are listed in Table IV. 

The mass spectra listed below were run a t  70 eV on a Perkin- 
Elmer Hitachi Model RMU-6 mass spectrometer. Unless 
otherwise specified, the chamber temperature was 220'. Rela- 
tive intensities are given in parentheses. 

C5H5Mo(CO) [PFzN(CH3)z]~C1 (sample temperature 110'): A .  

(9) R. B. King, "Organometallic Syntheses," Vol. I, Academic Press, 

(IO) R. G. Hayter, J .  OrganomelaL Chem., 18, P1 (1968). 
(11) T.  S. Piper and G. Wilkinson, J .  Inovg. Nucl .  Chem., 8, 104 (1956). 
(12) B. F. Hallam and P. L. Pauson, J .  Chem. Soc., 3030 (1956). 
(13) R. B. King and M. B. Bisnette, Inovg. Chem., 8, 791 (1964). 

New York, N. Y. ,  1965: (a) p 107; (b) p 145; (c) p 114; (d) p 175. 

CsHsMo(C0) [PFzN(CH3)z] zC1+ (a), CsHbMo [PFzN(CHs)2] zCl+ 
(2), (CjHa)zMozClz+ (4), (CeH5)zMozCl+ ( ~ 2 ) ,  CsHaMo(CO)[PFz- 
N(CHa)z]Cl' (12), CaHaMo[PFzN(CH3)z]Cl+ (21), (CsH5)zMo- 
Cl+ (5), (CsHj)zMo+ (Q), CsHsMoCl+ (loo), CsHsMoF+ (5), 
C3H3MoClf (S), MoFz' (4), (CHs)zNPFz+ (>goo), CHsNCHz- 
PFz+ (>600), (CH3)zNPF+ (>600), CHzNPF' (Q), PFz' 
(>600), C5Hsf (12), m/e 60 (8), PFH+ (7), and PF+ (10). 

B. C6H5Mo (CO ) [PFzNCoHl0] &1 (sample temperature 120 O ) : 
CsHsMo( CO) [PFzNCaHio] zC1+ (2)) C5HsMO [PFzNCsHiol zCl+ 
(2), ( CsH5)zMozCIz+ (13), CsHsMo (CO) [PFZNC~HIOI C1+ (1 4), 
CsHsMo[PFzNCaHio] C1' (30), (CsH5)zMOCl' (14), (CsH5)zMo' 
(29), C5HsMoCl' (loo), CsHsMoF' (6), C3H3MoClf (12), 
CsHloNPF2+ (off scale), CsHgNPFz+ (off scale), C~HTNPFZ+ (42), 
C5HloNPF+ (off scale), C~HBNPFZ+ (off scale), C3HaNPFzf (off 
scale), CzHsNPFz+ (off scale), CHZNPFZ+ (off scale), CHNPFZ+ 
(off scale), CsHloN+ (off scale), CHzNPF+ (19), PFz+ (off scale), 

H8+ (230), C4H7+ (off scale), and CaHe' (off scale). 
C. CsHsFe(CO)(COCH3)(PFzNCaHlo) (chamber temperature 

80', sample temperature 59'): C~H~F~(CO)(COCH~)(PFZNC~- 
HI@)+ (24), C~H~F~(CO)Z(PFZNC~HIO)+ (22), CjH5FeCOCH3- 
(PF%NC5Hlo)+ (102), CsHaFe(CO)(PFzNCsHlo)+ (9), CsHsFe- 
(CH~)(PFZNC~HIO)+ (110), c6HsFePFzNCsH1of (55), CeHaFe- 
PFzNC~HQ' (125), C ~ H K F ~ P F Z N C ~ H ~ O +  (loo), m/e 218 (23), 
C5HsFe(CO)zCH8+ (8), C5HaFeCOCHsf (64), CsHloNPFz+ (Q), 
C~HQNPFZ' (15), CeHsFe+ (86), CaHloNPF+ and/or CsHeFe+ 
(-475), CsHsFe+ (62), m/e 116 (17), m/e 115 (22), C&+and/or 
CHzNPF+ (19), and PFz+ (26). Metastable ions a t  m/e 291.2 
(345+317), m/e -277 (330+302), m/e -264 (317+289), and 
m/e 248.5 (302-274). 

Discussion 
Preparation and Characterization of New Com- 

pounds.-Reactions of CSH~V(CO)I with trivalent 
phosphorus derivatives have been reported to give 
either monosubstituted derivatives of the type CsHsV- 
(CO)3L (L = [ ( C H ~ ) Z N ] ~ P , ~  ( C G H & P , ~ ~  etc.) or disub- 
stituted derivatives of the type C~H~V(CO)ZLZ (L = 
two trivalent phosphorus atoms of a ditertiaryI5 or 
tritertiaryI6 phosphine). The reaction between C5H6V- 
(CO)r and N-piperidinodifluorophosphine in boiling 
toluene was found to  give a disubstituted derivative 

C5?&' (19), C6H7+ (25), C5Hs+ (22), CsH5' (27), C ~ H B +  (52), C4- 

A. 

(14) R. Tsumura and N. Hagihara, Bull. Chem. SOC. J u ~ . ,  88, 1901 (1965). 
(15) H. Behrens and H. Brandl, Z. Natuvfovsch. B, 22, 1353 (1967). 
(16) R. B. King, P. N. Kapoor, and K. N. Kapoor, Inovg.  Chem., 10, 1841 

(1971). 
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TABLE I11 
INFRARED SPECTRA OF CYCLOPENTADIESYLMETAL COMPLEXES OF DIALKYLAMINODIFLUOROPHOSPHINES~ 

Compound 

MezNPF& 
Et2IL’PFSd 
CjHioNPFzd 
CjHsV (C0)z (PFzNCsHio)2 

C ~ H ~ M O (  CO) (CsHs) (PFzNEtz) 
CsHsMo( CO)Z( COCH3) (PF2NMeg) 

CsHsMo(CO)(PFsNMez)zC1 
CjH5Mo(CO)( PF&Mez)(PPh3)Cl 
CjHjMo( CO)z(PFzh’Etz)Cl 
CsHsMo (CO)(PFzNEtz)2Cl 
C ~ H ~ M O ( C O ) ( P F Z N C ~ H ~ O ) ~ C ~  
CsHsW(CO)z(PFzNCsHio)I 
CsH5Mn(CO)(PFzNMe2)2 
CjHsMn(CO)(PF*NCsHlo)z 
( C ~ H S ) Z F ~ Z ( C ~ ) ~ ( P F Z N E ~ Z )  

( CsH5 We2 (CO )2 (PFzNEt2 )Z 

CjHjFe(CO)(COCH3)(PFzNMez) 
C5H5Fe( CO)( COCH3)(PFzNEtz) 
C~H~F~(CO)(COCH~)(PFZSC~HIO) 
CjHjFe( CO)(PF2NEt2)1 
CsHsFe(PFzNEtz)ZI 
CsHsFe( PF2NC5Hlo)zBr 

Infrared spectrum, cm --I- - 
7- v(PF) freqc--- 7- ~ ( C O )  freq*-- 

. I .  

1925 m, 1842 s 
1964 s, 1892 vs, 1652 se 
1883 s 
1898 s 
1829 s 
1994 s, 1916 s 
1893 s ,  -1872 m, sh 
1893 s 
1962 s, 1887 s 
1920 s 
1915 s 
1974 s, 1954 s, 1800 w, 

1742 s 
1965 s, 1949 s, 1630 m, bre 
1962 s, 1948 s, 1626 m, bre 
1955 s, 1939 m, 1624 m, bre 
1999 s, 1980 m 

1763 s ,  1732 m 

. . .  
2090 vs,Q 2050 vsg 

800 vs, 743 vs 
792 vs, 738 vs 
793 vs, 737 vs 
781 s, 759 m 
778 s, 720 s 
774 s, 733 s 
807 s, 785 m 
s 
820 m, 788 m 
801 s, 780 s 
811111, 788s, 776 sh 
817 m, 786 m 
805 s, 785 s, 762 s, 747 m 
803 s, 778 s, 760 s, 745 m 
809 s, 780 s 

825 m, 805 s, 790 m, 750 s 
818 s , ~  790 sa 
810 V S , ~  785 vsd 
805 m, 780 m 
815 s, 794 s 
826 s, 796 s 
824 s ,  800 s 
833 s, 788 s 

-845 vs, brh 
a These infrared spectra were taken in the indicated media and recorded on a Perkin-Elmer Model 621 infrared spectrometer with 

* Unless otherwise indicated these v(C0) 
c Unless otherwise indicated these v(PF) frequencies were measured in potassium 

f These v(PF) frequencies were 
The v(PF) frequencies from the CsHloXPF2 ligand 

grating optics. 
frequencies were measured in cyclohexane solution. 
bromide pellets. These v(PF) frequencies were measured as liquid films. 
obscured by some frequencies arising from the benzenoid rings. 
in [ C ~ H ~ F ~ ( C O ) Z ( P F ~ N C ~ H I ~ ) ]  [PFB] were obscured by this v(PF) frequency of the PFs anion. 

Spectra were calibrated against the 1601.4-cm-1 band of polystyrene film. 

e Acyl v(C0) frequency. 
Q KBr pellet. 

TABLE IV 
KMR SPECTRA O F  CYCLOPEh.TADIENYLTrlETAL COMPLEXES O F  DIALKYLAMINODIFLUOROPHOSPHISES 

Compound 

MezNPFz 
EtzNPFz 
CsHioNPFz 
C S H ~ V ( C O ) ~ ( P F L N C ~ H I ~ ) ~  
CsHsMo(CO)z(COCHa) (PFzNMez) 
CsHsMo(C0) (C3Hs) (PFINEtz) 

CsHsMo(C0) (PFzNMez) zC1 

CsHsMo(C0) (PFzNEtz)zCl 

CsHsMo (CO) (PFzXCsHio) zC1 

CsHsMo(C0) (PFzNMez) (PPh8)Cl 
CsHsMn(C0) (PFzNMez) 2 

CsHaMn(C0) (PFgSCsH-Idg 
(CsHq)zFez(CO) a(PFzNEtz) 

(CsHdFez(C0) z(PFzNEt2) 2 

CsHsFe(C0) (COCHa) (PFzNMez) 

CsHsFe(C0) (COCHI) (PFzXEtz) 

CsHrFe(C0) (COCHa) (PFzNCsHio) 

CsHsFe(C0) (PFzNEt2)I 

CsHsFe(PFzNEtz)zI 
CsHsFe (PFzKCsHio)d 

- Proton nmr spectrum, .asb----- 
T-CSHS 

5.27 t (2) 
4 . 8 2  d (2) 
4 . 9 2  s 

4.59 s 

4 . 6 0  s 

4.67 s 

4.92 s 
5 , 5 8  
5.67  t (2) 
5 .32  s 
5 . 4 6  
5 , 4 8  s 

K 2 9  d (1) 

5 . 3 2  s 

5.22 s 

5 . 5 5  t (1) 
5 . 5 8  t (1) 

RzNPFz 

7 . 3 8  d t  (9, 4) 

6 . 9 5 b , 8 . 4 7 s  
6 .85 b, 8 . 4 7  s 
7 . 1 9  d t  (IO, 3) 
6 .85  b,  8.90 t (7) 

7.12  d t  (10, 3) 

6 .73  b,  8 . 8 3  t (7) 

6 . 7 7  b,  8 . 4 1  s 

7 .44  d t  
-7.26 b 

6 . 7 5  b, 8 . 4 3  s 
-6.7 b, 8.86 t (7) 

-6.76, 9 .03  t (-7) 

-6.7 b,  8 . 8 6  t (7) 

- 6 , 7 b , 8 . 4 2 ~  

-6.6 b, 8.80 t (7) 

-6 6 b, 8 .78 t (7) 
-6.4 b,  8.37 s 

Other 

CHa: 7.50 s 
CaHs: -6.0 b, 

-7.2 b,  -7.75 b 

CaHs: - 2 . 7  m 

CHI: 7 . 4 5  s 

CHI: 7 . 4 8 s  

--- Fluorine nmr spectrum, @b’c---- 

Solvent 

Neat 
h-eat 
hTeat 
CDC1a 
CHzClz 
T H F  

CHClz 

CHzClz 

CHzCIz 

.f 
CHzClz 
CHzClz 
T H F  

CHzClz 

T H F  

CHzClz 

T H F  

f 
CHCla 

RzNPF2 

4-65.3 
+ 6 4 . 9  
+ 6 6 . 2  
i - 2 8 . 3  
+ 2 6 . 6  
+ 2 1 . 7  
+ 2 2 . 6  
+ 3 8 . 4  
+ 4 2 , 0  
+35.7  
4-39.6 
$38 .6  
+41.8 

i -23 .0  
+ 2 2 . 4  
+ 3 4 . 6  

+33.2  
+ 3 4 . 4  
A30  0 
+3l 8 
4-32.6 
f 3 4 . 0  
+ 2 5 . 7  
+ 2 9 . 8  

+ 2 8 . 0  
+ 3 2 . 2  

Amd 

0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 9  

3 . 6  

3 . 9  

3 . 2  

-0 
-0 .5  
< 0 . 5  

1 . 2  

1 . 8  

1 . 4  

4 . 1  

4 2  

1196 
1195 
1192 
1154 
1131 
1080 
1085 
1146 
1116 
1144 
1137 
1161 
1145 

1127 
-1 110 
-1160 

1132 
1152 
1128 
1146 
1136 
1156 
1102 
1177 

1099 
1166 

-15 

-25 

-25 

-30 

-20 

-20 

-30 

a These proton nrnr spectra were run in CDC13 solution either a t  60 Mcps on a Perkin-Elmer Hitachi R-20 spectrometer or a t  100 Mcps 
* The following abbreviations are used: s, singlet; d, doublet; t: triplet; dt, doublet of triplets; 
Coupling constants in cps are given in parentheses. These IgF nmr spectra were run in the 

Chemical shifts are given in the d scale of G. Filipo- 
This coupling constant was estimated 

Attempts to expand these spectra for a more 
f Attempts to obtain I9F nrnr spectra of these compounds in both 

on a Tarian HA-100 spectrometer. 
m, ill-defined multiplet; b, broad. 
indicated solvents a t  56.456 Mcps using a Perkin-Elmer Hitachi R-20 spectrometer. 
vich and G. Y. D. Tiers, J .  Phys.  Chem., 63, 761 (1959). 
from the I9F nmr spectra run on the 100-ppm scale. 
precise measurement of this coupling constant were unsatisfactory. 
tetrahydrofuran and CHzC12 were unsatisfactory. 

See the text for a definition of A+. 
The probable error is =k5 cps. 



METAL COMPLEXES OF FLUOROPHOSPHINES 

C5HjV(C0)~(PF2NC5Hlo)z The infrared spectrum of 
this compound exhibited the expected two v(C0) fre- 
quencies (1925 and 1842 cm-l) which are considerably 
higher than the v(C0) frequencies of the tributylphos- 
phine derivative17 C ~ H ~ V ( C O ) ~ [ P ( C I H ~ ) ~ ] Z  (1856 and 
1762 cm-l) in accord with the higher a-acceptor 
strength of a dialkylaminodifluorophosphine relative 
to a trialkylphosphine. Compounds of the type 
C5H5V(C0)~(PF2NR2)z were relatively unstable and 
decomposed extensively during their purification. 
Thus the yield of C5HjV(C0)2(PF2NC5Hlo)z from 
C5HjV(C0)4 and N-piperidinodifluorophosphine was 
only 6%. Furthermore, the reaction between C5H5- 
V(CO)4 and dimethylaminodifluorophosphine gave a 
product indicated by approximate elemental analyses 
and its infrared spectrum (v(C0) a t  1930 and 1850 
cm-l) t o  be the analogous derivative C5HbV(C0)2- 
[PF2N(CH3)2]2 but this compound could not be ob- 
tained entirely pure. The temperature a t  which the 
reaction between C!jHsV(CO)* and the dialkylaminodi- 
fluorophosphines was carried out was somewhat critical 
since if boiling benzene (80") instead of boiling toluene 
(111') was used as thereaction solvent, the C5H5V(C0)4 
was recovered unchanged. 

Reactions of the methylmolybdenum derivative 
CH3Mo (C0)3C;Hj with trivalent phosphorus deriva- 
tives preferably in a polar solvent such as acetonitrile 
have been reported1* to give the acetyl derivatives 
CH3COMo(C0)2(L) (C5H5). In  this reaction the car- 
bonyl group displaced by the trivalent phosphorus 
ligand is not liberated as free carbon monoxide but 
instead inserts into the methyl-molybdenum bond to  
form an acetyl group. The reaction between CH3Mo- 
(CO) 3CjHd and dimethylaminodifluorophosphine in 
acetonitrile a t  room temperature proceeded analogously 
to give yellow C~HBMO(CO)~(COCH~) [PFzN(CH3)2]. 
The infrared spectrum of this complex exhibited the 
expected two terminal v(C0) frequencies (1964 and 
1892 cm-') and single acyl v(C0) frequency (1652 cm-I) 
in accord with the proposed formulation. This in- 
frared spectrum clearly excludes an alternative formula- 
tion as CSH&~O(CO)~[PF~N(CH~)ZCH~]  where the di- 
methylaminodifluorophosphine rather than a carbonyl 
group has inserted into the methyl-molybdenum bond. 

The analogous reaction of the methylmolybdenum 
derivative C H ~ M O ( C O ) ~ C ~ H ~  with N-piperidinodi- 
Auorophosphine in boiling acetonitrile was also in- 
vestigated. The only molybdenum carbonyl deriva- 
tive that could be isolated from the reaction mixture 
was the knowns compound cis- (C;HloNPFz) 4Mo (CO) 2 

indicating that loss of both the cyclopentadienyl and 
methyl groups of CH~MO(CO)&H~ had occurred. The 
reaction between CH3Mo(C0)3CgH5 and N-piperidino- 
difluorophosphine to  give ~ ~ S - ( C B H I O N P F ~ ) ~ M O ( C O ) ~  
is thus analogous to  the reportedlg reaction between 
C H ~ M O ( C O ) ~ C ~ H ~  and the unsaturated chelating diter- 
tiary phosphine C ~ S - ( C G H ~ ) ~ P C H = C H P ( C ~ H ~ ) ~  to give 
the analogous cis- [(C~H~)ZPCH=CHP(C~H~)Z]ZMO- 

The reactions of trivalent phosphorus derivatives 
with CH3Mo(C0)3CjH5 to give compounds of the types 

(C0)Z. 

(17) E 0 Fischei and R J J Schneider, Angew Chem , In t  Ed Engl , 6 ,  

(18) P J Craig and M Green, J Chem Soc A ,  1978 (1968) 
(19) I< B King, L W IIouk, and P N Kapoor, Inoug.  C h e m ,  8 ,  1792 

569 (1967), Be? , 103, 3684 (1970) 

1969) 
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C6H5M~(C0)2(COCH3) (PRB) or c ~ s - ( R ~ P ) ~ M o  (CO), 
made of interest the reactions of trivalent phosphorus 
derivatives with other types of cyclopentadienylmolyb- 
denum carbonyl derivatives also containing other car- 
bon ligands. One such cyclopentadienylmolybdenum 
carbonyl derivative is the a-allyl derivative C3H5Mo- 
(CO)zC5Hj (I, L = CO). The reactions of CsH5- 
Mo(CO)zC5Hg (I, L = CO) with trivalent phosphorus 
derivatives were of interest because of the possibility 
for conversion of the a-allyl group to a u-allyl group 
in order to generate a vacancy for coordination of a 
trivalent phosphorus atom to the molybdenum atom. 
Ultraviolet irradiation of the a-allyl derivative C3HjMo- 
(CO)2CsH5 (I, L = CO) with diethylaminodifluoro- 
phosphine gave the monocarbonyl C5HjMo (CO) (C3H5) - 
[ P F ~ N ( C ~ H ~ ) Z ] .  The proton nmr spectrum of this 
allyl derivative indicated that the r-allyl group was 
retained rather than converted to a u-allyl group. This 
indicates structure I (L = (CzH5)zNPF2) for the com- 

.-""i'.- 
L+ Mo-CO 

d2 I 

plex C5H5Mo(CO) (C3H5) [PF~N(CZH~)Z] .  This com- 
plex is thus a routine substitution product of the start- 
ing material C3H5M~(C0)2C5Hj (I, L = CO). How- 
ever, it  is apparently the first reported example of a 
substitution product of C ~ H ~ M O ( C O ) ~ C ~ H ~ .  

The reactions between CsH5Mo(C0)3Cl and the 
dialkylaminodifluorophosphines in boiling benzene 
could be made to  give either the monosubstituted 
derivative C ~ H ~ M O ( C O ) ~ ( P F ~ N R ~ ) C I  oi- the disubsti- 
tuted derivative C5H5Mo(CO) (PFzNR2)2Cl depending 
upon the mole ratios of reactants. These two types of 
substitution products of C5H5Mo (C0)3C1 could be sepa- 
rated easily by chromatography on alumina. If an 
excess of the dialkylaminadifluorophosphine was used 
in its reaction with C5H5Mo(C0)3C1 in boiling benzene, 
pure samples of the disubstituted products C ~ H ~ M O -  
(CO) (PF2NR2)2CI could be obtained without the need 
for chromatographic purification. No trisubstituted 
derivatives of the type C~HEMO(PFZNRZ)~CI  were ob- 
served in this work. In  one attempt to  prepare such 
a" trisubstituted derivative, a mixture of CjHjMo- 
(CO)&!l and excess diethylaminodifluorophosphine 
was heated in boiling toluene. A black product was 
obtained which exhibited no v(C0) frequencies. The 
proton nmr spectrum of this black solid exhibited no 
C5H5 resonances indicating that it was not the de- 
sired C ~ H S N O  [PF2N(C2H5)2]aCl. 

The reaction between CbHbW(CO)$I and excess N- 
piperidinodifluorophosphine in boiling benzene was 
investigated in order to  see what the maximum degree 
of substitution of the tungsten halide derivative would 
be under conditions where the molybdenum halide 
C5H5Mo(C0)3C1 gave the disubstituted derivative 
CjH5Mo(CO) [ P F z N C ~ H ~ ~ I ~ C I .  This reaction gave only 
the monosubstituted derivative C5H5W (C0)2(PF2N- 
C5H10)I indicating the greater difficulty in substituting 
carbonyl groups in C5H5W(C0)31 than in C;HsMo- 

One objective in this research was the preparation 
(co)&1. 
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of metal carbonyl anions with dialkylaminodifluoro- 
phosphine substituents. If such metal carbonyl anions 
were available, their reactions with various halides 
and related electrophilic reagents would provide pos- 
sible routes to a wide variety of additional dialkyl- 
aminodifluorophosphine derivatives.2n Reaction of Cj- 
HbMo(C0) [PF2N(CH3)2]2CI with excess sodium amal- 
gam in tetrahydrofuran solution a t  room temperature 
for 1 hr followed by addition of either methyl iodide 
or trimethyltin chloride to trap any Na [CSH5Mo(CO)- 
[PF2N(CH3)2]2] reactive intermediate as either the g- 
methyl derivative CSHBMO(CO) (CH3) [PFZN (CH3)2]2 
or the trimethyltin derivative CbHBPIIIo (CO) [Sn ( CH3) ] - 
[PF2N(CH3)2]2, respectively, instead gave only un- 
changed CjHjMo(CO) [PF2N ( CH3)2 I2C1. 

The molybdenum compound CjH5Mo(C0)3C1 re- 
acts with various trialkylphosphines and triaryl- 
phosphines to form either nonionic products of the 
type CjH&!lo(C0)2(PR3) C1 with replacement of one 
carbonyl group or ionic products containing the cation 
[C5H&!Io(C0)3PR3] + with replacement of the chlo- 
ride.21 The analogous reaction of CjHjMo(CO) [PF2N- 
(CH3)~lzCl with triphenylphosphine in boiling ben- 
zene resulted in the replacement of one dimethylamino- 
difluorophosphine ligand to give CsHbMo(C0) [PFzN- 
( C H B ) ~ ]  [P(COH~)~]CI .  This compound exhibited a 
single v(C0) frequency (1829 em-') confirming the 
indication by analyses that the carbonyl group had 
been retained. The downward shift in the v(C0) 
frequency and the upward shift in the cyclopentadienyl 
nmr resonance in CsHjMo(C0) [ P F z N ( C H ~ ) ~ ]  [P(c6- 
Hs)3]C1 relative to C5HbMo(CO) [PF2N(CH3)2IzC1 are 
the expected trends for replacement of a dimethyl- 
aminodifluorophosphine ligand with the more weakly 
rr-accepting triphenylphosphine ligand. The com- 
pound CjHjMo(C0) [ P F ~ N ( C H ~ ) Z ]  [P(CeHb)3]Cl is pres- 
ently unique in having five completely different groups 
bonded to a single transition metal. 

The photochemical reactions between C5HjMn(C0)3 
and various tertiary phosphines give derivatives of 
the types CbHjMn(C0)2PR3 and CeH5MnCO(PR3)2.22 
The photochemical reactions of C5H5Mn(C0)3 with 
exessses of the dialkylaminodifluorophosphines, RzNPFz 
(R = CH3, R2 = CjHln), gave the yellow crystalline 
disubstituted derivatives CjHjMn (CO) (PF2NR2) 2. N o  
unambiguous evidence either for intermediate mono- 
substituted derivatives CjHjllln(C0)2PF2NR2 or for 
the carbonyl-free trisubstituted derivatives CbHjMn- 
( P F z N R ~ ) ~  was observed in this work. 

The manganese compound [CjHjMn(C0)2NO] [PFG] 
has been reported to react with tertiary phosphines in 
boiling methanol or acetone to give monosubstituted 
derivatives of the type [C5H6Mn(CO) (NO) (PR,)]- 
[PFs].23j24 Reaction of [CsH5Mn(C0)2NO] [PFs] with 
diethylaminodifluorophosphine in boiling methanol 
gave the trimethyl phosphite derivative [CbHjMn- 
(CO)(NO)P(OCH3)3] [PFs] which was shown to be 
identical with the compound obtained by reaction of 
[CjH6Mn(CO)aNO] [PF6] with trimethyl phosphite 

(20) R. B. King, Acco%zls  Chem. Res. ,  8 ,  417 (1970). 
(21) P. M. Treichel, K. W. Barnett, and R. L. Shubkin, J .  Ovganomelal. 

(22) R. G. Hayter and L. F. Williams, J .  Inovg. Nucl.  Chem., 26, 1977 

(23) R. B. King and A. Bfraty, I?zovg. Chem., 8 ,  2374 (1965). 
(24) H. Brunner and H. D. Schindler, J .  O~~ganomele l .  Chem., 19, 135 

Chem., 7, 449 (1967). 

(1564). 

(1565). 

in boiling acetone. Methanol thus cannot be used as 
a solvent in reactions of this type because of metha- 
nolysis of the ligand. 

The reaction of [C5HjMnCON0]213 with diethyl- 
aminodifluorophosphine in boiling benzene was also 
investigated. A green-black crystalline solid was ob- 
tained. This was shown by its infrared spectrum to 
be the r e p ~ r t e d ' ~ , ~ ~  compound (CjHj)3Mn3(N0)4 which 
was previ~us ly '~  prepared by the ultraviolet irradia- 
tion of [C5HjMnCON0]2 in benzene solution. Sub- 
sequently, the bimetallic manganese compound [CjHj- 
MnCON0I2 was shown to give (C6Hj)3Mn3(N0)4 in 
quantitative yield by boiling under reflux in benzene 
solution for 6 hr. Thus, the thermal conversion of 
[CjHjMnCONO]z to (CjHj)3Mn3(N0)4 does not appear 
to be affected by the presence of trivalent phosphorus 
complexing agents like diethylaminodifluorophosphine. 

The bimetallic iron compound [CjHjFe(C0)2]2, al- 
though isoelectronic with [CjH5MnCONO]2, reacts 
cliff erently with trivalent phosphorus derivatives. 
Thus the reaction of [CjHbFe(CO)2]2 with various mono- 
dentate trivalent phosphorus derivatives in boiling 
benzene results in the replacement of one terminal 
carbonyl group to give ( C E H : ) ~ F ~ ~ ( C O ) ~ P R ~  derivatives 
of structure I1 (L = PR3).26 A similar reaction of 

k,H, 
IV 

[CaH5Fe(C0)2]2 with various chelating bidentate tri- 
valent phosphorus derivatives results in the replace- 
ment of both terminal carbonyl groups to give (CjHj)2- 
Fe2(CO)2(diphos) derivatives of structure III.27 The 
reaction of [CjHjFe(CO)2]z with diethylaminodifluoro- 
phosphine in boiling benzene gave products of both 
types which could be separated by chromatography. 
The gray monosubstituted derivative (C;Hj)2Fe2(C0)3- 
PF2N(C2Hj)2 (11, L = (CzHj)2NPF2) exhibited two 
closely spaced terminal carbonyl Y (CO) frequencies 
and three bridging v ( C 0 )  frequencies. This suggests 
that a terminal carbonyl group in [CbH~Fe(C0)2]2 is 
replaced by the diethylaminodifluorophosphine ligand. 
The multiple infrared bands in the v(C0) regions can 
be rationalized by the presence of conformational iso- 
mers arising from restricted rotation around the iron- 
phosphorus bond similar to the isomers arising from 

(25) R. C. Elder, F. A.  Cotton, and R. A .  Schunn, J .  Amer. Chetn. SOL. ,  

(26) R. J. Haines and A. L, du Preez, l i z o v g .  Chem. ,  8 ,  1450 (1969). 
(27) R .  J. Haines and A. L. du Preez, J .  Ovgenometa l .  Chem., 21, 181 

(1570). 

89, 3645 (1967). 
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restricted rotation around the iron-silicon bond re- 
portedz8 in CH3SiClzFe(CO)zC6H5 and related com- 
pounds. The green disubstituted derivative (C5H5)z- 
Fe2(C0)2 [ P F ~ N ( C ~ H ~ ) Z ] Z  exhibited no terminal v(C0) 
frequencies and a single bridging v(C0) frequency. 
This is consistent with structure IV closely related to 
structure 111. In both cases both terminal carbonyl 
groups of [C5HsFe(C0)2]2 have been replaced by tri- 
valent phosphorus ligands. This study on the reaction 
of diethylaminodifluorophosphine with [ C ~ H ~ F ~ ( C O ) Z ] Z  
demonstrates that  diethylaminodifluorophosphine, like 
all other trivalent phosphorus derivatives which have 
been investigated, is capable of replacing only the ter- 
minal carbonyl groups in [ C ~ H ~ F ~ ( C O ) Z ] Z .  

Reactions of the methyliron compound CHSFe(C0)g- 
C5Hj with trivalent phosphorus derivatives have been 
reported to give acetyl derivatives of the type CH3CO- 
Fe(C0) (L) (C5H5).29 The reactions between CH3Fe- 
(CO).$~EH~ and the three dialkylaminodifluorophos- 
phines investigated in this work were found to  give the 
analogous acetyliron derivatives C5H5Fe(CO) (COCH3) - 
[PFzNRz] as yellowish liquids or low-melting solids. 
The infrared spectra of these complexes exhibited two 
closely terminal v(C0) frequencies a t  1959 f 3 and 
1944 f 5 cm-l in accord with a single terminal carbonyl 
group as in structure V but with the presence of con- 
formational isomers similar to  those foundz8 for CH3Si- 
CIzFe(CO)zC5H5 as discussed above. In addition the 
single acyl v(C0) frequency as expected for structure V 

V 

was found at  1625 f 1 cm-'. As is the case with the 
molybdenum compound CSHSMO(CO)Z(COCH~) [PFz- 
N(CH3)z] discussed above, the positions of these v(C0) 
frequencies in the C5H5Fe(CO) (COCH3) (PF2NR2) de- 
rivatives indicate both that a carbonyl group rather 
than a dialkylaminodifluorophosphine ligand has in- 
serted into the methyl-iron bond and that a dialkyl- 
aminodifluorophosphine ligand is a stronger n acceptor 
than trialkylphosphines or triarylphosphines such as 
triphenylphosphine (;.e., for C5H5Fe(CO) (COCH3)- 
[P(C&)3] ~ ( c o )  frequencies occur a t  1920 and 1598 
cm-I). 

The reactions of the halides C5HeFe(CO)zX (X = C1, 
Br, or I) with trivalent phosphorus derivatives can give 
either nonionic products of the types C5HjFe(CO)- 
(L)X or C5H5Fe(L)zX or ionic derivatives of the cations 
[CjHbFe(CO)~L] + depending upon the reaction con- 
ditions. 30 Ultraviolet irradiation of the halides C5H5- 
Fe(CO)zX (X = Br or I) with excess dialkylaminodi- 
fluorophosphine gave the carbonyl-free nonionic deriva- 
tives CzH5Fe(PFzNR&X. However, the ultraviolet 
irradiation of C ~ H S F ~ ( C O ) ~ I  with only about 1.2 equiv 
of diethylaminodifluorophosphine in benzene solution 
gave a mixture of the monosubstituted derivative 
CsH5Fe(CO) [PFzN (CzH5)2]I and the disubstituted 

(28) W Jetz and W A G Graham, J Amer Chem. S O C ,  89, 2773 (1967). 
(29) J P Bibler and A Wopcki ,  I n o r g  Chem , 5 ,  889 (1966) 
(30)  P M Treichel, R L Shubkin, K W Barnett, and D Reichard, 

z b r d ,  6 ,  1177 (1966) 

derivative C5H5Fe [PFzN(CZH~)Z]~I  with the former 
predominating presumably because of the particular 
mole ratio of the reactants used. These two products 
could readily be separated by chromatography. The 
monocarbonyl C5H,Fe(CO) [PFzN (CzH5)zlI exhibited 
a closely spaced pair of v(C0) frequencies again indic- 
ative of conformational isomers because of restricted 
rotation around the iron-phosphorus bond (see above 
and ref 28). The position of the v(C0) frequencies in 
C5H5Fe(CO) [ P F ~ N ( C ~ H ~ ) Z ] I  (1999 and 1980 cm-l) was 
between that of the v(C0) frequency31 (2021 cm-l) in 
CbHbFe(C0) (PF3)I containing the very strongly 7- 

accepting trifluorophosphine ligand and that of the 
v(C0) frequency30 (1938 cm-l) in C5H5Fe(CO) [P- 
( C B H ~ ) ~  ]I containing the relatively weakly r-accepting 
triphenylphosphine ligand thereby providing the most 
direct infrared spectroscopic indication of the inter- 
mediate n-acceptor strength of the dialkylaminodi- 
Ruorophosphines. 

Cations of the type [C5H5Fe(C0)~PFzNRz] + were 
not obtained from any of the direct reactions of the 
CjH5Fe(CO)zX halides with the dialkylaminodifluoro- 
phosphines which were investigated in this work. 
However, the cation [C5H5Fe(C0)~PFzNC5Hlo] + was 
obtained through the intermediate 16-electr0n~~ cat- 
ion33 [C5HsFe(C0)2]+ by reaction of C5HjFe(C0)21 
with the stoichiometric amount of silver tetrafluoro- 
borate in tetrahydrofuran solution followed by addition 
of the N-piperidinodifluorophosphine to this coor- 
dinatively unsaturated intermediate. This cation was 
conveniently isolated as its hexafluorophosphate salt 
[C5H5Fe(C0)2PFzNC5Hlo ] [PFe]. This salt exhibited 
the expected two v(C0) frequencies for a cyclopentadi- 
enyliron dicarbonyl derivative. 

Some attempts were made to prepare dialkylamino- 
difluorophosphine substitution products of the anion 
[C5H5Fe(C0)z]- since this anion is a useful intermed- 
iate for the synthesis of a wide variety of organometallic 
derivatives.20 The green color of a tetrahydrofuran so- 
lution of (CbH5)zFez(C0)2 [PFZN (CzH5)2]2 became yellow 
upon stirring with sodium amalgam a t  room tempera- 
ture. Reaction of this solution with excess hexafluoro- 
benzene gave only the known34 C ~ F S F ~ ( C ! O ) ~ C ~ H ~  in low 
yield. No evidence for the formation of any C6FjFe- 
(CO) [ P F z N ( C ~ H ~ ) Z ] ( C ~ H ~ )  was obtained. This suggests 
that (C5H5)~Fe~(C0)z [PFaN(CzH5)z]z reacts with sodium 
amalgam to form the sodium salt Na [C5HjFe(C0)2] 
rather than the sodium salt Na [ C ~ H ~ F ~ ( C O ) P F Z N -  
( C Z H ~ ) ~ ] .  In  an attempt to prepare a mixed penta- 
haptocyclopentadienylmonohaptocyclopentadienyl de- 
rivative3j (h5-C5H5)Fe[PF~N(C2H5)2]2(h1-C6H5), the 
reaction of CsHsFe [PFZN(C~H~)Z]ZI  with thallium cy- 
clopentadienide in tetrahydrofuran at  room tempera- 
ture was investigated. However, the only product 
isolated after chromatography of the reaction mixture 
was unchan1;ed starting material CjHjFe [PFZN ((22- 
H ~ ) z ] z I  (46% recovery). 

Mass Spectra.-The mass spectra of relatively B. 

(31) R .  B. King and A. Efraty, J. Amer.  Chem. Soc., 9S, 5260 (1971); 

(32) R. B. King, Advan.  Chem. Sev., No. 62, 203 (1967). 
(33) B. Fuchs, M. Ishaq, and M. Rosenblum, J .  Amer. Chem. Soc., 90, 

(34) R. B. King and M. B. Bisnette. J .  Organomelal. Chem., 2, 38 (1964). 
(35) For a description of this nomenclature system see F. A. Cotton, 

ibid., 94, 3768 (1972), paper I1 of this series. 

5293 (1968). 

J .  Amev.  Chem. SOC., 90, 6230 (1968). 
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few of the dialkylaminodifluorophosphine complexes 
prepared in this work could be obtained apparently 
because of limited thermal stability a t  temperatures 
where they exhibited appreciable vapor pressure. The 
molybdenum compounds CjH&lo(CO) (PF2NR2)2Cl ex- 
hibited satisfactory mass spectra a t  the normal 220" 
chamber temperature except for the formation of a rela- 
tively small amount of an unidentified derivative con- 
taining two metal atoms and two cyclopentadienyl 
rings which apparently led to the ions (CjHj)&lo2Cla+, 
(C5Hj)2Mo&1f, (CjHj)&loCl+, and (CjHj)zMo+. The 
mass spectra of cyclopentadienyliron compounds such 
as the halides C;HjFe(PF2NCjHlo)2X (X = Br or I) ex- 
hibited only ions corresponding to the free ligand 
CjHloNPF2 and ferrocene. However, by reducing the 
chamber temperature to 80" a satisfactory mass spec- 
trum of the cyclopentadienyliron derivative CjHsFe- 
(CO) (COCHs) (PFzNCbHlo) could be obtained. The 
mass spectrum of the vanadium compound C6HjV- 
(CO)?(PF2NCjHlo)2 showed only ions corresponding ta  
the free ligand. The mass spectrum of CjH&Io(CO),- 
(COCH3) [PF2N(CH3)2] showed only ions corresponding 
to  the free ligand and to C H ~ M O ( C O ) ~ C ~ H ~  suggesting 
dissociation in the mass spectrometer into these com- 
ponents. 

The molecular ions in the mass spectra of the CeHj- 
Mo(C0) (PF2NRZ)zCl derivatives :can undergo loss of 
CO to give the ion CSHjMo(PF2NR2)aClT or loss of the 
R2NPF2 ligand to give the ion C6H5AIo(CO)(PFu- 
NRZ)Cl+. The latter ions predominate over the former 
ions suggesting that the R2iYPF2 ligands are more 
readily lost from the CjHjMo(C0) (PF2NR2)2CI de- 
rivatives than the carbonyl ligands. This relates to  
the observation discussed above that CjHjMo (CO) - 
[PF&(CH3)2]2Cl reacts with triphenylphosphine to 
give CjHjMo(CO) [PFuN(CH,),] [P(CsHj)b]Cl with 
loss of the dimethylaminodifluorophosphine ligand 
rather than CjHjMo [PF2N(CH,)2]2 [P(CaH6)3]C1 with 
loss of the carbonyl ligand. Other ions observed in the 
mass spectra of the CjHjMo(CO) (PFaNR2)2CJ deriva- 
tives are of routine types for transition metal carbonyl, 
cyclopentadienyl, and halide  derivative^^^ and thus do 
not merit detailed discussion. 

The molecular ion in the mass spectrum of the iron 
compound CjHSFe(C0) (COCH3) (PF2NCjH10) can 
undergo loss of either a neutral CO or CH3 fragment as 
was found3' for the unsubstituted acetyliron derivative 
C H ~ C O F ~ ( C O ) Z C ~ H ~ .  Dehydrogenations of ions con- 
taining the CH3FeCjHs fragment, particularly C5HjFe- 
(CH3) (PF2NCeHlo) +, to give corresponding ions 
clearly containing CcHeFe or CsHjFe units are ob- 
served. The unambiguously observed metastable ions 
in this mass spectrum all correspond to well-established 
types of carbonyl losses. 3G 

C. Nmr Spectra.-The proton nrnr spectra (Table 
IV) of all of the cyclopentadienylmetal complexes of 
dialkylaminodifluorophosphines were in agreement with 
their proposed structures. The position of the cyclo- 
pentadienyl resonance increases in the expected 

as the T-acceptor strengths of other ligands 
bonded to the same metal atom are decreased. Thus 
the cyclopentadienyl resonance in CjH&lo(CO) [PF2K- 
(CH3)2]2Cl occurs a t  r 4.59 whereas the cyclopent- 

(36) R. B. King, To$. C u w  Chevn., 14, 92 (1970). 
(37j R. B. King, J .  Arne?. Ciiem. Soc., 90 ,  1417 (1968). 
(38) R.  B. King, Inovg. Chinz. A d a ,  2,  464 (1968). 

adienyl resonance in CjHjMo(CO) [PF2K(CH3),] [P- 
(CsH5)3]C1 occurs a t  r 4.92 in accord with the higher T -  

acceptor strength of dimethylaminofluorophosphine 
relative to triphenylphosphine Similarly the cyclo- 
pentadienyl resonance in CjHjFe(CO) [PF2N(C2Hj)2]I 
occurs a t  'T 5 22 whereas the cyclopentadienyl reso- 
nance in C ~ H S F ~ [ P F ~ N ( C ~ H ~ ) ~ ] ~ I  occurs a t  r 5.55 in ac- 
cord with the lower racceptor strength of diethyl- 
aminodifluorophosphine relative to carbon monoxide. 
The proton nmr spectrum of (CsHj)2Fez(CO)gPFaN- 
(C2Hj)2 exhibited two cyclopentadienyl resonances at  T 

5.32 and 5.46 in accord with the presence of two non- 
equivalent cyclopentadienyl groups as required by 
structure I1 (L = (C2H5)*N). The higher field cyclo- 
pentadienyl resonance in this compound can also be as- 
signed to the cyclopentadienyl ring bonded to  the iron 
atom which is bonded to the diethylaminodifluoro- 
phosphine ligand both on the basis of the higher T -  

acceptor strength of carbon monoxide relative to di- 
ethylaminodifluorophosphine as discussed above and 
on the basis of the similarity of the chemical shift of 
this resonance to  that of the single observed cyclo- 
pentadienyl resonance in (CjHj)2Fen(CO)r [PF2K(C2- 
H5)2I2 (IV). The proton nmr spectrum of the molyb- 
denum compound CjH&lo(CO)2(COCH3)[PF2N(CH3)2] 
exhibited only one cyclopentadienyl resonance and 
one acetyl resonance indicating this compound to 
be either a single pure isomer or two isomers rapidly 
interconverting a t  room temperature. 39 Temperature 
dependence studies to differentiate between these two 
possibilities have not yet been performed. 

The cyclopentadienyl resonances in the proton nrnr 
spectra of the cyclopentadienylmetal complexes of the 
dialkylaminodifluorophosphines were split by the phos- 
phorus atoms but this splitting (1-2 cps) was near the 
resolution limits in these spectra and thus could not be 
unambiguously observed in all cases Examples of 
compounds with two dialkylaminodifluorophosphine 
ligands which exhibit triplet cyclopentadienyl reso- 
nances include C5Hj'l'(CO)z(PF2KCjHlo)2, CjHjhln- 
(CO) (PF2NCjHlo)2, and CjHjFe(PF2NR2)21 (R = 
ethyl or Rz = CjHlo). Examples of compounds with a 
single dialkylaminodifluorophosphine ligand which ex- 
hibit doublet cyclopentadieny! resonances include 
CjHsMo (CO) 2 (COCH3) [PF2N (CH3)2] and CjHjFe (CO) - 
(COCH3) [ P F z N ( C ~ H ~ ) ~ ] .  The ability to observe this 
coupling between the cyclopentadienyl protons and 
the ligand phosphorus atoms in certain cases supports 
the bonding of the R2KPF2 ligands to transition metals 
through phosphorus rather than nitrogen. If the 
R2NPF2 ligands are bonded to the metals through 
phosphorus, this coupling is occurring through three 
bonds (P-AI, M-C, and C-H), whereas if the R2NPF2 
ligands are bonded to  the metals through nitrogen, this 
coupling is occurring through four bonds (P-S, N-AI, 
&I-C, and C-H) 

The fluorine nmr spectra of the cyclopentadienyl- 
metal complexes of dialkylaminodifluorophosphines 
were unusually interesting since the PF2 portions of the 
R&PF2 ligands exhibited either AX2, AXY, or AhIX 
patterns (Figure 1 and Table IT', A = P I  A I ,  X, and 
Y = F) depending upon the types and arrangement of 
ligands coordinated to the metal atom The observa- 

(39) J. TV. Faller and A.  S. Anderson, J .  Arne, .  Chem. Soc., 9 2 ,  6852 
(1970). 
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Figure 1 .-Fluorine nmr spectra of selected cyclopentadienyl- 
metal complexes of dialkylaminodifluorophosphines. 

tion of an AXY or AMX pattern for the PF2 portion of 
the coordinated dialkylaminodifluorophosphine ligand 
indicates that the two fluorine atoms of the PF2 group 
have different chemical shifts. In  order for the two 
fluorine atoms of a PF2 group of a coordinated dialkyl- 

aminodifluorophosphine to have different chemical 
shifts, restriction of the rotation around the metal- 
phosphorus bond between the transition metal and the 
dialkylaminodifluorophosphine must occur. In  addi- 
tion the magnetic environments on each side of the di- 
alkylaminodifluorophosphine ligand must be different. 
Measurements of the chemical shift difference between 
the two fluorine atoms in a PF2 group of a coordinated 
dialkylaminodifluorophosphine provide a useful indi- 
cation of the relative magnetic shielding of different 
ligands that can be bonded to  transition metals. Some 
interesting preliminary results of this type are pre- 
sented in this paper. Measurements of the tempera- 
ture dependence of the PF2 fluorine resonances provide 
a useful indication of the barrier to  rotation around the 
metal-phosphorus bond between the transition metal 
and the coordinated dialkylaminodifluorophosphine. 
The dependence of this rotation barrier on the structure 
of the transition metal-dialkylaminodifluorophosphine 
complex represents an interesting area for future in- 
vestigations. 

The AX2 pattern (e.g., C5H5Mo(C0)2(COCH3) [PFzN- 
(CH3)2] in Figure 1) is found when both fluorine atoms 
of the PF2 group have identical chemical shifts ( i .e . ,  
Ab = 0). This pattern consists of a simple doublet 
with the separation corresponding to the lJ(PF) cou- 
pling constant. The AX2 pattern is necessarily found 
in the free dialkylaminodifluorophosphine ligands 
where the two fluorine atoms must have identical en- 
vironments. In  addition the AX2 pattern with sharp 
doublet peaks is found in the two compounds CsHbV- 
( C O ) ~ ( P F ~ N C ~ H I ~ ) ~  and C5H5Mo (CO)2(COCH3) [PFzN- 
(CHS)~] .  This denionstrates that  both sides of the di- 
alkylaminodifluorophosphine ligands in these two com- 
plexes are identical indicating that these complexes are 
the diagonal39 isomers VI and VI1 rather than the cor- 

VI w 
responding lateral isomers. 

The AXY pattern (e.g.) C5H5Fe(CO)(COCH3)- 
[ P F z N ( C H ~ ) ~ ]  in Figure 1) is found when the two 
fluorine atoms of the PF2 group have different chemical 
shifts but when this chemical shift difference is not 
sufficiently large ( i , e , j  A@ = 1) relative to the 2J(FF’) 
coupling constant (about 15-30 cps). The AXY pat- 
tern consists of a pair of quartets. The separation be- 
tween the pair of quartets corresponds to the ‘J(PF) 
coupling constant (generally about 1100 cps). The 
outer lines of each quartet of the AXY pattern are 
weak relative to the inner lines and may not be observ- 
able when the signal-to-noise ratio of the nmr spectrum 
is too poor. Examples of compounds exhibiting the 
AXY pattern include CbH5Mo (CO) (CaH6) [PFzN- 
( C ~ H S ) ~ ]  and the compounds C5H5Fe(CO) (COCH3)- 
(PFzNRz) (R = methyl or ethyl or RZ = CjHlo). 

The AMX pattern (e.g., CjH5Mo(CO) [ P F ~ N ( C Z H ~ ) ~ I Z -  
C1 in Figure 1) is found when the chemical shift differ- 
ence between the two fluorine atoms of the PF2 group is 
large (i.e., A+ > 3) relative to  the 2J(FF’) coupling con- 
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stant of 15-30 cps (i .e. ,  0.3-0.6 ppm a t  56.456 Mc). 
This pattern consists of a pair of quartets with all eight 
lines of approximately equal relative intensities. The 
AMX pattern is found in the nmr spectra of the halide 
derivatives investigated in this work such as CjHJMo- 
(CO)(PF2NR2)2C1 (R = CH3 or C2Hj or Rz = CjHlo), 
C5HjFe(CO) [PFJJ(C2Ilj)2]1, and C5H5Fe(PF2N- 

As the chemical shift difference of the two fluorine 
atoms in the PF1 group increases from zero to infinity, 
the spectrum of the PF2 group changes from the AX2 
pattern through the AXY pattern to the AMX pat- 
tern. During this process the sharp resonances of the 
AX2 doublet first broaden. They next split into the 
quartet of the AXY pattern. Finally the relative in- 
tensities of the outer and inner lines of each quartet of 
the AXY pattern gradually become equal giving ulti- 
mately the idealized AMX pattern with all eight lines of 
equal relative intensities. 

Xeasurement of the A+ values in the fluorine nmr 
spectra of compounds of the type C;HjM(X)(Y)- 
(PF2NR2) provides a clear indication of the relative 
shielding characteristics of the X and Y groups. The 
data presented in this paper allow a comparison be- 
tween the shielding of the carbonyl group and several 
other groups encountered in transition metal chemistry. 
Thus the AI$ values of the compounds C;H;Mn(CO)- 
(PF2?sTR2)2 (VIII) are close to the minimum detectable 

C5Hl0)21. 

compounds CsHjFe(C0) (COCH3) (PF2NR2) (IX) fall 
in the intermediate range 1.2-1.8 consistent with the 
different modes of bonding of the carbonyl and acetyl 
groups to the metal atom but with the presence of a 
carbon-oxygen multiple bond in both ligands. The 
A+ value of the rr-allyl derivative CjH&fo(CO) (C3H;)- 
[PF2N(C2Hj)2] (X) (0.9) also falls into the intermediate 
range. The A+ value of the halide CjHjFe(C0)- 
[PF2?!(C2Hj)~]I (XI) is one of the highest found in this 
work indicating considerable difference in the shielding 
characteristics of the carbonyl and halide ligands. 
This relatively large difference in the shielding charac- 
teristics of carbonyl and halide ligands could arise from 
the magnetic shielding effects of the three lone pairs on 
the halogen atom. The A+ value of the compound 
CjHjFe(PF2NC5Hlo)21 (XII) is also relatively high 
(4.2) indicating a rather large difference in the shielding 
characteristics of halide and dialkylaminofluorophos- 
phine ligands. 

The fluorine nmr spectra of the compounds CbHjMo- 
(CO) (PF2NR2)2C1 exhibited an AMX pattern with a 
AI$ value in the range 3.2-3.9. This indicates that 
these compounds are the isomers XI11 with the dialkyl- 
aminodifluorophosphine ligands in diagonal positions. 
The corresponding lateral isomers XIV would have all 
four fluorine atoms nonequivalent and thus would give 
more complex fluorine nmr spectra. The relatively 
high AI$ values for the compounds C:H&fo(CO) (PF2- 
NR2)2C1 of structure XI11 may thus be taken as a fur- 
ther indication of the different relative shielding of car- 
bonyl and halide ligands. 

F-P-F F-P-F 
I I 

k R 2  
WI 

h* 
M 

XII x III 

I 

I 
F-P--F 

I 
PjR2 

XI 

nonzero values indicating near-equivalence of the 
shielding characteristics of the carbonyl and dialkyl- 
aminodifluorophosphine ligands which bond to the 
transition metal in similar ways although with different 
amounts of retroactive bonding. The A+ values of the 

“R, 
XIV 
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