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Table IV. Comparative W-C and W-0 Bond Distances (A) in 
W(CO), Derivatives 

substituent w-c, w-cm A ref 

02CH- 2.037 (13) 1.911 (15) 0.126 b 
02CCH3- 2.038 (18) 1.951 (6) 0.087 c 
Ph,P(O)NPPhp 2.035 (6) 1.946 (5) 0.089 d 

'This value represents the average of the four W-C, distances. 
bDarensbourg, D. J.; Pala, M. J .  A m .  Chem. Soc. 1985, 107, 5687. 
CCotton, F. A,; Darensbourg, D. J.; Kolthammer, B. W.  S.; Kudaroski, 
R .  Inorg. Chem. 1982, 21, 1656. dThis work. 

Table V. Rate Constants for Phosphine Oxide Displacement at 
Ambient Temperature 

co 103kobsd3 
compd solvent pressure, psi mi& 

W(CO)50P(Ph2)NPPh3 T H F  14 0.26 
MeOH 14 1.76 
MeOH 110 14 

W ( C 0 )  j0PPhi  T H F  14 2.49 
MeOH 14 4.88 

W(C0)50PMe3 MeOH 14 3.26 

99.5 

*10 
m y I  
0 0  
Nr4 

. .  

78.0 .. 

- .: 
w U 

E 5 6 . 5  .. 
+ 
I Ln z 
- 
a a 
L 

35.0 .. 

21 0 ZOGO ~ 9 0 ~  1805 .735 . 2 C Z  
.3 5 

,4Q;EYOlSE" C Y - .  

Figure 3. Infrared spectra in u(C0) region of W(CO)jOPPh,NPPh,: (a) 
in T H F  (shaded); (b) in MeOH. 

innocent  ion, especially in t h e  presence of good nucleophiles. 
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We recently reported synthesis of the  diphosphazane complex 
~~~-P~N[P(NHP~),],Mo(CO)~ by P h N H ,  elimination from t h e  
complex [(PhNH),P] ,Mo(CO),  in a metal-templated phospho- 
rus-nitrogen bond condensation reaction., In  order  t o  pursue 
this reaction type fur ther ,  we  undertook studies of the  synthesis 
and thermolysis of selected tris[tris(amino)phosphine] molybdenum 
tricarbonyl complexes t o  determine if, in reactions analogous to  
those above, new metal-coordinated triphosphazanes might  be  
obtained. T h e  results of these studies are described below. 

Experimental Section 
Apparatus and Materials. All operations were carried out in N2- 

flushed glovebags and standard vacuum line e q ~ i p m e n t . ~  Infrared, IH 
N M R  (90.0 MHz), and mass spectra were obtained with Beckman IR 
4250, Varian EM390, and Varian MAT CH5 spectrometers, respec- 
tively. "P N M R  spectra were obtained on JEOL PFT-100 (40.5 MHz) 
and FX-90Q (36.4 MHz) spectrometers. 'H and ,'P N M R  chemical 
shifts were measured relative to internal Me4Si and H,P04, respectively; 
shifts downfield from the standard are given +6 values. Single-crystal 
X-ray data were collected at  ambient temperature with a Syntex PT 
automated diffractometer (Mo K a  radiation, graphite monochromator). 
fac-(PC13),Mo(C0),~fac-(PhPC1,),Mo(C0),,4 ( t n e s ) M ~ ( C O ) ~  (mes 

= me~itylene) ,~ and PhP(NHPh)? were prepared and purified as de- 
scribed previously. Aniline (Mallinckrodt), Et,N (Eastman Chemicals), 
and i-PrNH, (Matheson Coleman and Bell) were distilled from CaH,. 
Benzene and toluene were distilled from Na/Pb alloy. CH2Cl2 and 
CHCl, were distilled from P4010. 

Reactions of fac-(PCl,),Mo(CO),. (A) With i-PrNH,. i-PrNH, (75 
mmol) in toluene (30 mL) was added slowly to (PCI,),Mo(CO), (4.0 
mmol) in 150 mL of toluene at 25 OC. After 8 h, i-PrNH,CI was filtered 
and the clear filtrate was passed through a 2-cm alumina column. The 
solution showed major and minor ,lP N M R  resonances at  6 109.5 ([(i- 
PrNH),P],Mo(CO), (1)) and 6 110.7 (i-PrN[P(NH-i-Pr)2Mo(CO)4 
(2)),, respectively. Evaporation of the solution and recrystallization of 
the solid from toluene yielded pure 1 (85% yield, based on Mo in reac- 
tant; mp 133-135 "C). Anal. Calcd for C,oH,2N,P,03Mo: C, 45.17; 
H, 9.03, N, 15.81; P, 11.67. Found: C, 43.38; H,  9.15; N,  15.16; P, 
11.51. 'H N M R  (CDCI,): 6 3.15-3.90 (TI, area 9, CH),  1.10-1.55 (s, 
area 54, CH,), 0.90 (m, area 9, NH) .  'lP N M R  (C,D,): 6 109.5 (s). 
MS: parent and seven most intense envelopes at m / e  (relative intensity) 
685 (0.2, M'), 392 (7.8), 333 (6.2), 177 (5.1), 147 (17.5), 88 (13.9), 44 
(loo), 42 (64.8). IR (Nujol): characteristic absorptions at 3410 (w), 
3370 (m), 1918 (s), 1815 (vs), 1166 (m), 1134 (s), 868 (m), and 791 
cm-'. 

Under conditions identical with those above, except that reaction was 
allowed to proceed for 65 h at 25 OC, after recrystallization from benzene 
pure i-PrN[P(NH-i-Pr),],Mo(CO), (2); 57% yield, based on M o  in 
reactant; mp 116-118 "C) was obtained. Anal. Calcd for 
C19H39NjP2M004: C, 40.79; H,  7.03; N,  12.52; P, 11.07. Found: C,  
41.00; H,  7.14; N ,  12.63; P, 11.11. IH N M R  (CDCI,): 6 3.50 (broad 
m, area 5, CH),  1.68 (d, area 4, J = 7.3 Hz, NH),  1.35 (d, area 6, J = 
6.9 Hz, CH,), 1.20 (d of d, area 24, J = 6.0 Hz, CH,). 31P N M R  
(C,D,): 6 110.7 (s). MS: parent and six most intense envelopes at m / e  

Registry No. W(CO)50PPh,NPPh3, 99618-35-6; W(CO),THF, 
36477-75-5; W(CO),OPMe,, 103620-60-6; W(C0)  jOPPh,, 103620-6 1 - 
7; Ph,P(O)NPPh,, 2156-69-6; NaOCH,, 124-41-4; [PPN][Cl], 21050- 
13-5; CO, 630-08-0. 

Supplementary Material Available: Additional crystallographic data 
including complete tables of bond distances and angles, anisotropic tem- 
perature factors, and hydrogen atom coordinates (5 pages); a listing of 
observed vs. calculated structure factors (30 pages). Ordering informa- 
tion is given on any current masthead page. 
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Table I. Summary of Crystal Data for [(i-PrNH)3P]3Mo(C0)3 (1) 

a The 

formula 
mol wt 
color of cryst 
cryst dimens, mm 
space group 
temp, O C  

a ,  A 
b, A 
L', A 
2, molecules/cell 
vol, A3 

&Icd, g/cm3 
dobad, g/cm' 
wavelength, 8, 
linear abs coeff, cm-l 
scan mode 
scan speed, deg/min 
20, rnin and max, deg 
retlecns 

total 
uniaue 

RW" 
goodness of fit" 

colorless 
0.2 X 0.18 X 0.3 
R3 
25 
19.906 (7) 
19.906 (7) 
9.441 (3) 
3 
3241 (2) 
1.23 
1.22 
0.710 69 
4.5 
8-20 
2-24 
3.0-35.0 

1815 
635 
432 

1.60 

quantity minimized in the least-squares procedure was xw- 
(Pol - lFCL2 

= l / U 2 ( F o ) .  

= .llFol - I ~ c l l / ~ ~ l ~ o I  and R, = [EwlFol  - 
E W F ~ ] ~ / ~ ,  The goodness of fit is [Cw(lFol - IFcl)2/(Nobservns - 
Nvar)]1/2. The weights, w ,  were calculated from counting statistics as w 

(relative intensity) 563 (8.6, M'), 446 (27.7), 389 (45.2), 331 (43.9), 90 
(63.0), 58 (33.7), and 44 (100). IR (Nujol): characteristic absorptions 
at 3368 (m), 2013 (m), 1914 (s), 1890 (s), 1854 (s), 1395 (m), 1364 (m), 
1025 (m), 887 (m), 862 (m). 802 (m), 620 (m), and 578 (m) cm-I. 

(B) With PhNH2 PhNH2 (20 mmol) in benzene (10 mL) was added 
slowly to (PCI,),Mo(CO), (2.3 mmol) and Et3N (24 mmol) in benzene 
at 0 OC. After 4-8 h at 25 O C ,  the Et,NHCI was filtered and the filtrate 
was slowly concentrated in vacuo at 25 OC. Initially, the reaction solution 
exhibited two 31P N M R  spectral resonances at 6 96.7 (cis-PhN[P- 
(NHPh)2]2Mo(C0)4 (3))2 and 6 107.3 (4), in area ratios ranging from 
1:4.5 to 1:6.0. Upon solvent removal the 6 96.7 resonance increased and 
the 6 107.3 resonance decreased. The relative area of the 6 96.7 and 
107.3 peaks, in the final reaction solid when redissolved in benzene, was 
approximately 8.5:l.  Recrystallization from toluene yielded pure 3 
(characterized by IR, MS, and 31P N M R  spectra). Attempts to isolate 
4 by crystallization or thin-layer chromatography were unsuccessful. 

Reaction of f a ~ - ( P h P C l ~ ) ~ M o ( C 0 ) ~  with PhNH,. PhNH2 (5.5 mmol) 
and Et,N (5.8 mmol) were added to (PhPCI,),Mo(CO), (0.32 mmol) 
in toluene. After 15 h at 25 O C ,  Et,NHCl was filtered. The filtrate 
exhibited resonances at 6 171.8 (area 2, unreacted (PhPCI,),Mo(CO),), 
88.6 (area 4, [PhP(NHPh),],Mo(CO), (5) ) ,2  90.1 (area 1, 7), and 45.7 
(area 5 ,  PhP(NHPh),). After 18 h at 100 O C ,  5 and 7 disappeared and 
two new equal-area peaks at 6 98.4 and 97.5 (PhN[PhP(NHPh)]:Mo- 
(CO), (6))2 appeared. 5 and 6 could be isolated by fractional crystal- 
lization; however, attempts to isolate other products failed. 

Crystallographic Study. Crystal data and refinement detials are sum- 
marized in Table I. All parameters were determined on the diffrac- 
tometer and refined by least-squares fit to 15  centered reflections. Be- 
cause of concern for the stability of l, the backgrounds were collected 
for only one-fourth of the scan time and the data were collected in shells. 
At the end of data collection to 35' (267, the decline in intensity was 23%. 
Measurements at higher 20 values (to SO0) were abandoned because even 
more significant decline occurred. Data were corrected for Lorentz and 
polarization but not absorption effects. Equivalent reflections were av- 
eraged (R*, = 0.048). The Mo and P atoms were located by heavy-atom 
methods using a Patterson map; remaining atoms were located from a 
three-dimensional difference map. The three parts of the molecule are 
related by a 3-fold rotation axis. Only the Mo and P atoms were treated 
anisotropically. The H atoms were located in three-dimensional differ- 
ence maps and included in fixed, idealized positions, with temperature 
factors set to be 1 A2 greater than those of the atom to which they were 
attached. Scattering factors were those for neutral atoms.' Final pos- 

(7) Ibers, J A ;  Hamilton, W. C., Eds. International Tables for  X-ray 
Crystclijogruphy; Kynoch, Birmingham, England, 1974; Vol IV 

Table 11. Positional Parameters for [(i-PrNH)3P]3Mo(CO)3 (1) 
atom x l  a v l b  z l c  

0 
0.1232 (3)a 
0.037 ( I )  
0.1962 ( 7 )  
0.1604 (6) 
0.1175 (6) 
0.2817 (8) 
0.315 ( I )  
0.320 (1) 
0.1807 (8) 
0.258 (1) 
0.119 ( I )  
0.1778 (8) 
0.1930 (8) 
0.1503 (9) 
0.0629 (6) 

0 
0.0457 (2) 

-0.049 ( I )  
0.1074 (7) 

-0.0084 (6) 
0.0781 (6) 
0.1475 (9) 
0.234 (1) 
0.140 (1) 

-0.0559 (9) 
-0.048 ( I )  
-0.1388 (9) 

0.1069 (8) 
0.1879 (9) 
0.051 1 (9) 

-0.0796 (7) 

0.200 
0.3446 (4) 
0.077 (2) 
0.242 ( I )  
0.399 (1) 
0.502 ( I )  
0.268 (2) 
0.294 (2) 
0.137 (2) 
0.305 (2) 
0.356 (2) 
0.310 (2) 
0.618 (2) 
0.667 (2) 
0.742 (2) 

-0.002 (1) 

Estimated standard deviations shown in parentheses in tables are of 
the least significant digits of the preceding number. 

itional parameters are given in Table 11. All programs were contained 
in or derived from Syntex (now Nicolet) data reduction routines, the 
M U L T A ~  78 package,* and the Northwestern University crystallographic 
computing package of Dr. J. A. Ibers. 

To determine absolute configuration,-fiur cycles of refinement were 
performed with hkl values converted to hkl.  A comparison of R factors 
showed the original geometry to be the absolute conformation to at least 
the 99.5% level of ~ e r t a i n t y . ~  A comparison of the calculated and 
observed structure factor amplitudes of a limited number of Friedel pairs 
was consistent with this conclusion. 

Results and Discussion 

Reaction of i-PrNH, with fuc-(PCl,),Mo(CO), results in 
elimination of i-PrNH,Cl and formation of fuc-[(i- 
PrNH),PI,Mo(CO), (1) 

fuc-(PCl,),Mo(CO), + 18i-PrNH2 - 
9i-PrNH3CI + fuc-[(i-PrNH),P],Mo(CO), (1 )  

a unique example of a tris(tris(amin0)phosphine) complex. 
Previous studies of Mo(CO), or (cyclohept)Mo(CO), (cyclohept 
= cycloheptatriene) reactions with (Me2N),P yielded no tris- 
(phosphine) products; only bis(phosphine) tetracarbonyls were 
obtained.l0." The reaction in eq 1 is analogous to those between 
(C0)5MoPC13 and RNH2 (R = H, Me, i-Pr, Ph, NHPh), which 
yield mono(phosphine) complexes, (CO)5MoP(NHR),.'2-15 
During a longer reaction period, 60 h at 25 OC, i-PrNH, and 
(PCl,),Mo(CO), react further to the diphosphazane complex 
i-PrN[i-PrNH)2P]2M~(C0)4 (2 ) .  No evidence was obtained for 
formation of coordinated triphosphazane products. 

The PhNH2-(PC13)3Mo(C0)3 and PhNH2-(PhPC12),Mo(C0), 
reactions in the presence of Et3N proceed less cleanly to mixtures 
that also ultimately yield the previously reported diphosphazane 
complexes PhN[(PhNH),P],Mo(CO), (3) and PhN[PhP- 
(NHPh)],Mo(CO), (6) as the major isolatable Mo-containing 
products.2 Initially, the PhNH2-(PC13),Mo(CO), reaction mixture 
exhibits a , 'P  NMR spectral resonance at 6 107.3, which upon 
heating and/or solvent removal disappears as the resonance due 
to  3 grows. The 6 107.3 peak is tentatively attributed to 
[(PhNH),P],Mo(CO), (4), because of the close coincidence of 

Main, Peter. "Multan 78, A System of Computer Programs for the 
Automatic Solution of Crystal Structures"; Department of Physics, 
University of York: York, England, March 1978. 
Hamilton, W. C. Acta Crystallogr. 1965, 18, 502. 
King, R. B. Inorg. Chem. 1963, 2, 936. 
King, R. B.; Korenowski, T. F. Inorg. Chem. 1971, 10, 1188. 
Maisch, H. 2. Naturforsch., 8: Anorg. Chem., Org. Chem. 1979, 348, 
784. 
Noth, H.; Reith, H.; Thorn, V. J. J .  Organomet. Chem. 1978, 159, 165. 
Noth, H.; Thorn, V .  2. Naturforsch., B:  Anorg. Chem., Org. Chem. 
1981, 368, 1423. 
Noth, H.; Thorn, V. Z .  Naturforsch., 8: Anorg. Chem., Org. Chem. 
1981, 368, 659. 



Notes 

Table 111. Selected Structural Parameters for 
[(i-PrNH)3P]3Mo(CO)3 (1) 

(a) Bond Lengths (A) 
Mo-P 2.545 (7) N(1)-C(11) 1.49 (2) 
Mo-C(1) 1.90 (2) N(2)-C(21) 1.50 (2) 
P-N(1) 1.67 (1) N(3)-C(31) 1.51 (2) 

P-N(3) 1.65 (2) 
P-N(2) 1.67 (1) C(  1 )-O( 1) 1.21 (2) 

Mo-P-N( 1 ) 
Mo-P-N(2) 
Mo-P-N( 3) 
Mo-C( 1 )-O( 1 ) 
P-MwP‘ 
P-Mo-C( 1) 
P-Mo-C( 1)’ 
P-Mo-C( 1)” 

(b) Bond Angles (deg) 
106.4 (5) C(l)-Mo-C(l)’ 86.6 (7) 
126.6 (5) N(l)-P-N(2) 98.7 (6) 
112.4 (4) N(l)-P-N(3) 116.2 (6) 
179 (2) N(2)-P-N(3) 96.5 (6) 
93.9 (2) P-N(1)-C(l1) 130 (1) 
87.3 (5) P-N(2)-C(21) 124.8 (9) 
92.0 (6) P-N(3)-C(31) 127.4 (9) 

173.8 (5) 

its 31P N M R  resonance with that of 1 (6 109.5). 
The PhNHz-(PhPC12)3Mo(CO)3 reaction initially yields one 

major product ( 6  90.1; 7) along with [PhP(NHPh)z]zMo(CO)4 
(5) and PhP(NHPh)z. Compound 7 is thermally unstable; con- 
sequently, we were unable to separate and characterize it com- 
pletely. Since the thermal behavior of 7 parallels closely that of 
4 from the PhNHz-(PC13)3Mo(C0)3 reaction, 7 is characterized 
tentatively as [PhP(NHPh),],Mo(CO),. Other resonances appear 
in the reaction after heating at 100 OC for 18 h; however, we were 
unable to characterize products further. 

Although the tris(tris(amino)phosphine) complex 1 forms, as 
perhaps also do the analogue compounds 4 and 7, none appear 
inclined to undergo metal-templated P-N bond condensation to 
form either cyclic or acyclic triphosphazane products, e.g. as shown 
in eq 2. The compounds studied exhibit a range of stabilities; 

[(RNH),P],Mo(CO), - 3RNHz + [RNP(NHR)],Mo(CO), 
(2) 

1 is most thermally stable whereas 4 and 7 are less so. In every 
case, the diphosphazane complexes were the major products. 
These reactions do involve P-N bond condensation probably on 
the metal centers, but only to the extent of forming P-N-P skeletal 
units. Apparently, formation of triphosphazanes is disfavored, 
perhaps because of steric crowding in the final complex. 

Compound 1 was characterized in solution and in the solid by 
spectral data (MS, IR, ‘H and ,‘P NMR) and a single-crystal 
X-ray analysis. The structure of 1 is shown in Figure 1. Selected 
intramolecular bond parameters are listed in Table 111. A 
complete listing of structural parameters is in the supplementary 
material. Three (i-PrNH),P molecules are facially coordinated 
to the Mo(CO), unit, forming a complex with crystallographic 
and molecular point group C, symmetry. The presence of a singlet 

N M R  resonance and two characteristic carbonyl I R  absorp- 
tionsI6 confirms the facial isomeric structure of 1 in solution also. 
The mean P-N bond distance of 1.67 (1) is within the 1.66- 
1.70-A range of P-N bonds in other (aminophosphine)molyb- 
denum carbonyl c~mplexesl’-’~ and is shorter than the distances 
of 1.69-1.73 A reported for uncoordinated tris(amino)phosphines 
(PhNH)3P,20*z1 [(CHz)sN]3P,zz and (MezN)3P.z3 The Mo-P 
distance of 2.55 A is typical for phosphine-Mo complexes; how- 

Cotton, F. A,; Kraihanzel, C. S. J .  Am. Chem. SOC. 1962, 84, 4432. 
Romming, C.; Songstad, J. Acta Chem. Scand., Ser. A 1979, A33, 197. 
Cowley, A. H.; Davis, R. E.; Lattman, M.; McKee, M.; Remadna, K. 
J. Ant. Chem. SOC. 1979, 101, 5090. Cowley, A. H.; Davis, R. E.; 
Remadna, K. Inorg. Chem. 1981, 20, 2146. 
Allured, V. S.; Coons, D. E.; Haltiwanger, R. C.; Norman, A. D., 
submitted for Dublication. 
Tarassoli, A,; Haltiwanger, R. C.; Norman, A. D. Inorg. Nucl. Chem. 
Left. 1980, 16, 27. 
Tarassoli, A,; Haltiwanger, R. C.; Norman, A. D. Inorg. Chem. 1982, 
21, 2684. 
Romming, C.; Songstad, J. Acra Chem. Scand., Ser. A 1978, A32, 689. 
Vilkov, L. V.; Khaikin, L. S.; Evlokimov, V. V. Dokl. Akad. Nauk 
SSSR 1966,168,810. 
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Figure 1. Structure of fa~-[(i-PrNH),Pl~Mo(C0)~ (1) showing the 
atom-numbering scheme. Thermal ellipsoids are at the 50% probability 
level. Hydrogen atoms are omitted for clarity. 

ever, the 1.90 A Mo-C distance is shorter than usual (e.g. 
1.97-2.05 A).zez6 The cis LP-Mo-P (94’) and LC-MoC (87’) 
angles as expectedz7 are greater than and less than 90°,  respec- 
tively, perhaps the result of crowding among the facially coor- 
dinated (i-PrNH),P molecules. In light of this crowding, the 
relatively high stability of 1 is surprising. In contrast, a molyb- 
denum tricarbonyl unit will not accommodate three bulky tri- 
cyclohexylphosphine s ~ b s t i t u e n t s ~ ~ ~ ~ ~  but instead forms five-co- 
ordinated complexes.29 

The PN, unit conformation of each tris(amino)phosphine 
moiety is of the distorted C, type, similar to that observed pre- 
viously in other tris(amino)phosphine compounds.’7~’s~zz In the 
limiting C, conformation, the phosphorus lone-pair electrons are 
parallel to one and perpendicular to two nitrogen lone-pair 
electrons.30 In 1, the torsion angles around P-N bonds, C- 
(21)-N(2)-P-Mo, C(11)-N(1)-P-Mo, and C(31)-N(3)-P-Mo, 
are 56, -175, and 178O,)’ respectively. 

(RNH),P (R = H or alkyl), thermally unstable when uncom- 
p l e ~ e d , ’ ~ - ’ ~ ~ ~ ~  is greatly stabilized by coordination to Mo carbonyl 
moieties. The (PhNH),P appears stabilized to a lesser degree, 
since in both 4 and the previously reported [P(NHPh)JZMo- 
(CO),,z rapid PhNH2 elimination occurs to form the diphos- 
phazane, PhN[(PhNH),P],Mo(CO), (3). These metal-templated 
condensations resemble that reported for [ (PF,)zNPh],Mo(C0)3, 
a species that eliminates PF, to form the novel complex 
(PFzNPh)3PMo(C0)3.3z Why unsubstituted or alkyl-substituted 
aminophosphines might be stabilized to a greater degree than 
arylaminophosphines is unclear. Studies of this and ways to 

Cotton, R. A.; Wing, R. M. Inorg. Chem. 1965, 4 ,  314. DeLerno, J. 
R.; Trefonas, L. M.; Darensbourgh, M. Y.; Majeste, R. J. Inorg. Chem. 
1976, 15, 816 and references cited therein. 
Corbridge, D. E. C. The Srrucrural Chemistry of Phosphorus; Elsevier: 
New York, 1974; p 352. 
Cotton, F. A.; Darensbourg, D. J.; Ilsley, W. H. Inorg. Chem. 1981, 20, 

Cotton, F. A.; Darensbourg, D. J.; Klein, S.:  Kolthammer, B. W. S. 
Inorg. Chem. 1982, 21, 2661. 
Moers, F. G.; Reivers, J. G. A. R e d .  Tran. Chim. Pays-Bas 1974, 93, 
246. 
Kubas, G. J.; Ryan, R. R.; Swanson, B. I . ;  Vergamimi, P. J.; Wasser- 
man, H. J. J .  Am. Chem. SOC. 1984, 106, 249. 
Worley, G. D.; Hargis, J. H.; Chang, L.; Jennings, W. B. Znorg. Chem. 
1981, 20, 2339 and references cited therein. 
For a chain or atoms 1-2-3-4, the sign of the angle is positive if when 
one looks down the 2-3 bond, a clockwise motion of 1 would superim- 
Dose it on 4. 

578. 
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catalyze the condensation reactions of coordinated alkylamino- 
phosphines are in progress. 
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Numerous mass spectral studies of metal complexs of @-di- 
ketonates have appeared, with acetylacetonate complexes being 
the most extensively studied.’” Comparative studies on the effect 
of the meta14bg5 and on the influence of the R group of the @- 
diketonate ligand* on the mass spectral fragmentation patterns 
have also been reported. However, data are sparse on the mass 
spectra of beryllium @-diketonates? with no results reported on 
fluorinated @-diketonate-beryllium complexes. 

We describe here the mass spectra of several fluorinated @- 
diketonate-beryllium complexes, having methyl, phenyl and aryl 
substituents. Transfer of a fluorine atom from ligand to metal 
i s  observed, which follows from hard-soft acid-base theory. 

The 9Be N M R  spectra of the complexes are also reported. 
Some trends in the chemical shifts of the compounds can be 
discerned. The ‘H, I3C, and 19F N M R  spectra of these same 
8-diketonate beryllium complexes have already been r e p ~ r t e d . ~  

Results and Discussion 
The structure of the beryllium P-diketonate complexes is shown 

in Figure 1, with the substituent groups listed in Table I. The 
geometry at  the beryllium atom is tetrahedral with the formal 
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Figure 1. Structure of the beryllium-P-diketonate complexes. The ge- 
ometry at  beryllium is tetrahedral. 

R‘ -co ’ FBe(RCKHC0)’- [RC-01’ 
- F & O C X  H 

Figure 2. Major fragmentation pathways observed in the mass spectra 
of the partially fluorinated P-diketone complexes of beryllium. 

Table I. Mass and Relative Intensity of Molecular Ions of 
Be(RCOCHCOR’), 

compd re1 
no. R R’ Mf m / e  intens, % 

1 CH3 CF3 315 30.8 
2 C6H5 CF3 439 36.0 
3 2’-C.+H,S CF3 45 1 32.1 
4 2’-C4H,O CF3 419 37.3 
5 C6H5 c2FS 539 13.3 
6 2’-C4HSS C2FS 551 10.6 
7 C6HS C3F7 639 4.9 
8 2’-C,H,S C,F, 65 1 6.0 

symmetry as DM for B e ( a ~ a c ) ~  and B e ( h f a ~ ) ~ ,  and C, for the 
unsymmetrically substituted P-diketonate beryllium complexes. 
Thus these latter chelates are rendered di~symmetric.~ The ap- 
pearance of the mass spectra of these complexes is simplified by 
there being only single isotopes for beryllium and fluorine, and 
major isotopes for carbon, oxygen, and hydrogen that have only 
minor contributions from secondary isotopes. Thus, the spectra 
appear stark, with a single peak for each ion in the spectrum. The 
molecular ion is observed for each complex. The mass and relative 
intensity of the molecular ions for each complex are listed in Table 
I. The relative intensities of prominent ions are given in Table 
11. The major fragmentation pathways are shown in Figure 2. 

Initial fragmentation of the molecular ion proceeds by loss of 
R’, the fluorinated substituent on the diketone ligand. Peaks 
appear at masses corresponding to M’+ - R, which is the loss of 
the nonfluorinated substituent. However, these peaks are either 
quite small (compounds 1-4, 6 , s )  or they are absent altogether 
(compounds 5 and 7). Loss of a CF, radical is preferred to loss 
of a CH, radical due to higher stability of the CF3 radicaL2 This 
trend appears to be general for fluorinated ligands over non- 
fluorinated ones. Indeed, the stability of the phenyl radical 
compared to C2F5 or C3F7 is so small that M” - R is not observed 
for compounds 5 and 7. The parent ion may cleave at the same 
bond, but in an alternate fashion as shown in Figure 2, creating 
R” and LBe(RCOCHC0)-. However, rupture of this bond 
appears to favor formation of LBe(RCOCHC0)’ and R’ over 
this alternate cleavage as demonstrated by a comparison of the 
intensities of R’+ and M’+ - R’ listed in Table 11. 

The next major peak in the mass spectrum at  higher mass 
corresponds to M+ - L, where one P-diketonate ligand has been 
lost from the parent. Loss of an entire ligand, as a radical, is 
commonly observed in @-diketonate-metal Loss of 
the ligand as a radical creates an even electron ion, BeL’, which 
is then susceptible to fragmentation by loss of neutral even-electron 
 specie^.^ This general phenomenon is observed in the mass spectra 
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