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Abstract: Reaction

of (CeHsCH=CHCOCH;)Fe(CO);

with CH3;N(PF,;); in boiling hexane gives yellow

[C¢HsCH=CHC(CH3)=C(POF;)N(CH3)PF,]Fe(CO)(PF;);NCH3. X-ray diffraction analysis of this complex indicates
an unexpected structure containing a novel chelating ligand bonding to iron through both tetrahapto-1,3-diene and aminodiflu-
orophosphine units. The formation of this complex can be rationalized by a scheme involving an intramolecular Wittig-type

reaction as a key step.

Introduction

Previous papers from this laboratory have described a va-
riety of iron carbonyl complexes of the potentially bidentate
ligand CH3N(PF,), including CH3N(PF;);[Fe(CO)4]2,34
CH;N(PF;);Fe;(CO)7,3%  [CH3N(PF;);Fe(CO)3],,%4
[CH3N(PF;),],Fey(CO)s,>4 [CH3N(PF;);]2FeCO,* and
[CH;3N(PF,),]4Fe,CO.5 An obvious gap in this chemistry is
the mononuclear complex CH3;N(PF;);Fe(CO); derived from
Fe(CO);s by substitution of a single pair of its CO groups with
the bidentate CH3N(PF5); ligand. In an attempt to fill this gap
the reaction of benzalacetonetricarbonyliron with
CH3N(PF;); was investigated hoping to effect the following
reaction:

(C6H5CH=CHCOCH3)FC(CO)3 + CH3N(PF2)2
g CH3N(PF2)2FC(CO)3 + C6H5CH=CHCOCH3 (1)

However, preliminary investigation of the resulting product
indicated retention of the benzalacetone ligand and suggested
the unexpected formulation (C¢HsCH=CHCOCH;)-
Fe(CO)[(PF;),NCHs],. An X-ray crystal structure of this
complex, however, revealed that this suggested structure was
incorrect and instead indicated structure I containing a che-
lating ligand with both tetrahapto-1,3-diene and aminodiflu-
orophosphine as donor units. This paper describes the details
of this work.

Experimental Section

Reaction of Benzalacetonetricarbonyliron with CH3N(PF;);. A
mixture of 3.0 g (10.5 mmol) of (CsHsCH=CHCOCH;)Fe(CO)3,67
5.0 g (30 mmol) of CH3N(PF,)2,48and 150 mL of hexane was boiled
for 3 h under reflux in a nitrogen atmosphere. The reaction mixture
turned yellow and a yellow powder precipitated. The hot reaction
mixture was filtered and the precipitate washed with hexane. Cooling
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the hexane solution at 0 °C precipitated 0.7 g (11.6% yield) of yellow
crystals. The analytical sample, mp 142-144 °C, was purified by
further crystallization from hexane. This product decomposed upon
attempted chromatography on a Florisil column. The infrared spec-
trum suggested the presence of additional material in both the residue
from the original hexane washing and in the filtrate from the original
hexane crystallization but pure product could not readily be isolated
from these fractions.

Anal. Caled for C13H16F8FCN202P4 (i.e., (C6H5CH=
CHCOCH;)Fe(CO)[(PF3),NCHj;],): C, 27.6; H, 2.8; F, 27.0;
N, 5.0; P, 22.0; mol wt, 564, Calcd for C14H16F8FCN202P4
(i.e., [CeHsCH=CHC(CH;)=C[P(O)F,]N(CH3)PF;]Fe(CO)-
(PF2)aNCH3): C,29.2, H, 2.8; F,26.4; N, 4.9; P, 21.5; mol wt, 576.
Found: C, 28.8; H, 2.9; F, 24.9; N, 4.9; P, 20.4; mol wt, 600 in ben-
zene.

Infrared spectrum in KBr: 1975 (s}, 1932 (w), 1490 (w), 1447 (w),
1381 (vw), 1316 (m), 1244 (w), 1192 (w), 1071 (s), 1048 (vw), 1033
(vw), 997 (vw), 974 (m), 910 (s), 882 (s}, 858 (s), 835 (s), 822 (s), 808
(s), 778 (s), 760 (m}, 697 (m), 682 (m}), 642 (m), 595 (m), 556 (s),
533 (m), 510 (m), 485 (m) cm™!.

'H NMR spectrum in CDCls: 7 2.69 (singlet, S H, CsHs), 4.15
(broad triplet, / = 9 Hz, | H, CH), 5.6 (broad, 1 H, CH), 7.15
(doublet, J = 11 Hz, 3 H, CH3), and 7.43 (singlet, 6 H, 2 CH3).

3
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Figure 2. ORTEP stereoplot of unit cell contents.

Table I, Summary of Crystallographic Data for
[C¢HsCH=CHC(CH;)=C(POF,)N(CH3)PF,]Fe(CO)-
[(PF2);:NCH;]

molecular formula FeC 4H sN,02P4Fs

mol wt 576.02
linear absorption 10.82 cm™!
coefficient:
density (caled for Z  1.741 g/cm?
space group Pl or PI (Pl determined by structure
analysis)
cell dimensions a=12347(2)A
b=12682(2)A
c=17.557T(1)A
a=102.57(2)°
B=91.34(1)°
y =107.16 (2)°
¥ =1098.6 A3
no. of reflections 3856 measured
2451 obsd
final R 0.035
R, 0.036

13C NMR spectrum in CDCl; (proton-decoupled; multiplicities
obtained from off-resonance decoupling): 6 239.6 (broad singlet, CO),
139.0, 129.1, 127.3, 126.6 (CsHj5 pattern), 98.2 (doublet, J = 3| Hz,
in either the fully decoupled or the off-resonance decoupled spectrum,
diene C), 92.8 (doublet, J = 43 Hz, in either the fully decoupled or
the off-resonance decoupled spectrum, diene C), 91.1 (doublet only
in the off-resonance decoupled spectrum, diene C), 58.1 (doublet, J
= 8 Hz, splitting into an additional doublet in the off-resonance de-
coupled spectrum, diene C), 35.7 (quartet, CH3), 24.9 (quartet, CH3),
19.3 (quartet, CH3).

Mass spectrum (Perkin-Elmer Hitachi RMU-6, 70 eV): major
high smy/e ions at m/e (rel intensity) 576 (3) (molecular ion
for [C¢éHsCH=CHC(CH;)=C[P(O)F;]N(CH3)PF;]Fe(CO)-
(PF,)2NCHj3), 548 (47) (molecular ion — CO), 400 (3) (molecular
ion — CH3NP,F3;), 381 (100) (molecular ion — CO — CH3N(PFy)»),
296 (13) (molecular ion = CO — CH3N(PF,)> — POF,), and 287 (32)
(molecular ion = CO = CH3N(PF,); — FeF»).

Determination of the Structure of [C¢HsCH=CHC(CH;—C-
[P(O)F2]N(CH3)PF;]Fe(COXPF3);NCH3. A crystal of the complex

was mounted on an Enraf-Nonius CAD-4 diffractometer using Mo
Ka X-radiation with a graphite monochromator throughout the
measurements. The cell dimensions and crystal system were deter-
mined from |5 accurately centered reflections. A summary of perti-
nent crystallographic data is provided in Table I.

The diffraction data were collected using the w-28 scan technique
and were corrected for Lorentz and polarization effects but not for
absorption. In all, 2451 unique observable (/ > 30y) reflections were
used in the structural analysis. The structure was solved using phases
produced by program MULTAN.® The E map using these phases led
to starting coordinates for the iron atom and two of the four phos-
phorus atoms. Successive isotropic least-squares refinements and
Fourier electron density maps revealed positions for all nonhydrogen
atoms. Hydrogen atom positions were not determined. Full-matrix
least-squares refinement for all atoms produced a final R = 0.035 (R,
= 0.036). Final coordinates and anisotropic temperature factors are
listed in Table I1. ORTEP plots of the molecular structure and unit cell
contents are shown in Figures | and 2, respectively. Table III lists bond
lengths and Table IV lists bond angles derived from final positional
coordinates.

Results

The unusual structure I is indicated by the X-ray structural
data on this complex. A noteworthy feature of this structure
is the presence of a chelating ligand functioning as a six-elec-
tron donor with four electrons coming from a tetrahapto-
1,3-diene unit and the remaining two electrons from a difluo-
rophosphine unit. The coordination of both the 1,3-diene
portion and the difluorophosphine unit of this ligand was found
to produce rather severe twisting around the C,-C3 bond of
the butadiene. The angle between the best plane through
C,-C3-C4-Csand through P4-C,-Njis 47.9°. The C,-N»-P;
plane is 91.0° from the butadiene best plane. The four
metal-carbon bond distances in the tetrahapto-1,3-diene unit
(Fe-C,, Fe-C3, Fe-C4, and Fe-Cs) are 2.067 (4), 2.051 (4),
2.092 (3), and 2.175 (3) A, respectively. These four iron-
carbon bond distances span a wider range than comparable
iron-carbon bond distances in other 1,2,3,4-tetrahapto-1,3-
diene iron tricarbonyl complexes'® except for 1,2,3,4-tetra-
hapto vinylketene derivatives.!! This is a consequence of the
extreme asymmetry of the 1,3-diene ligand in I. This asym-
metry in the bonding of the tetrahapto-1,3-diene ligand is not
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Table II. Positional Coordinates and Temperature Factors for [C¢HsCH=CHC(CH3)=C(POF;)N(CH3)PF,]Fe(CO)[(PF;),NCHj]

atom x y z Bii X 10> B X105 B33 X105 B, X105 B3 X 105 B3 X 103
Fe 0.306 68 (6)  0.719 36 (6) 0.447 11 (9) 523 (6) 509 (6) 1254 (14) 132.(9) 108 (14) 340 (13)
Pl 0.14776 (12) 0.691 64 (12) 0.300 14 (20) 675 (12) 656 (12) 1916 (33) 108 (19) —412(31) 473 (31)
P2 0.02003 (15) 0.70083 (17) 0.61228(29) 724 (15) 1152(19) 3917 (57) 564 (26) 1197 (45) 1452 (51)
P3 0.346 30 (13) 0.57547 (13) 0.30071 (21) 718 (13) 672 (12) 2096 (34) 308 (20) 256 (32) -—190(32)
P4 0.569 18 (12) 0.79041 (12) 0.650 51 (19) 603 (11) 732 (12)  1538(29) 301 (19) 72 (28) 555 (30)
Fl 0.109 20 (30) 0.58237(30) 0.14063(47) 1092 (35) 1155(36) 2712(87) 247 (57) -—1129 (86) —780 (88)
F2 0.14382(32) 0.776 18 (32) 0.17888 (51) 1215(37) 1315(38) 3248 (95) 215 (60) —1091 (94) 2191 (101)
F3 —0.07239 (38) 0.58572(40) 0.61692(78) 1332(46) 1550(49) 7472 (197) 455(76) 2728 (155) 3552 (l64)
F4 —-0.066 50 (37) 0.770 71 (40) 0.638 77 (69) 1338 (46) 1701 (52) 5831 (160) 1626 (81) 2062 (137) 1395 (144)
FS 0.320 64 (32) 0.46287 (28) 0.364 41 (62) 1149 (37) 687 (29) 5768 (143) 590 (53) 1018 (113) 1051 (104)
Fé 0.32096 (32) 0.51581(35) 0.09303(49) 1151(37) 1506 (43) 2663 (90) 602 (64) —220(88) —1913(96)
F7 0.684 46 (25) 0.77540 (31) 0.599 77 (45) 648 (27) 1394(38) 2700 (84) 628 (51) 201 (73) 710 (89)
F8 0.53132(28) 0.69189(27) 0.74359(42) 1101 (32) 981 (31) 2339 (75) 581 (51) 271 (77) 1373 (78)
0Ol 0.581 53 (31) 0.900 11 (31} 0:77024 (48) 906 (36) 877 (34) 1962 (83) 481 (56) —800(85) 85 (85)
02 0.252 21 (37) 0.64006 (39) 0.776 80 (58) 1211 (45) 1429(50) 2274 (100) 473 (74) 715 (105) 2063 (119)
NI 0.024 53 (36) 0.68086 (39) 0.387 16 (69) 597 (38) 848 (43) 3208 (135) 235(65) -—210(IIl) 698 (120)
N2 0.48273 (37) 0.63494(38) 0.33496(59)  715(38) 872(41) 1928 (100) 428 (64) 480 (98) —124(100)
Cl 0.269 36 (43) 0.66973 (44) 0.64543 (74) 642 (45) 697 (45)  1922(124) 249 (71) 183 (117) 637 (122)
C2 0.480 06 (40) 0.746 04 (42) 0.44551 (64) 564 (41) 685(43) 1441 (103) 157 (66) 295 (100) - 180 (105)
C3  0.44295(41) 0.81759(43) 0.34581 (64) 616 (42)  710(44) 1357 (102) =—93 (69) 64 (104) 510 (108)
C4  037900(42) 0.88747 (41) 0.42829(68) 655(43)  548(40) 1689 (112) —139(68) 109 (109) 369 (106)
Cs 0.348 06 (42) 0.89226(38) 0.61085(66) 695 (43) 452(37) 1678 (110) 84 (64) 195 (107) 205 (99)
Cé 0.262 50 (42) 0.948 27 (40) 0.679 65 (69) 623 (42) 538 (40) 1906 (120) 147 (67) —236(110) 294 (109)
Cc7 0.201 04 (52) 0.99270(50) 0.57351(87) 957 (58) 781 (51) 2964 (160) 657 (89) —189(150) 770 (145)
Cs8 0.127 16 (60) 1.051 46 (58) 0.654 70 (118) 1090 (68) 957 (64) 4376(238) 861 (108) =—203 (205) 1060 (199)
C9 0.112 14 (61) 1.064 84 (61) 0.83993(117) 1095(70) 1112(70) 3756(220) 787 (113)  311(199) 517 (199)
clo 0.17276 (56) 1.01902(61) 0.944 18 (97) 900 (62) 1242 (71) 3213(I85) 772(109) 432(170) 186 (183)
CIl 024649 (47) 0.96222(50) 0.86494(76) 763 (51) 961 (55) 1906 (128) 441(86) 203 (125) 51 (130)
Cl12 0.468 57 (51) 0.81492(54) 0.14891 (70) 1022(58) 1248 (63) 1258 (111)  133(97) 536 (125) 903 (134)
Cl13  —0.08462(54) 0.64633(65) 0.26247(117) 690(58) 1395(80) 5342(264) 330 (109) —1926 (197) 666 (226)
Cl4  0.57994(54) 0.61127(62) 0.24229(92) 851 (58) 1530 (80) 3018 (175) 1011 (112) 960 (160) —789 (184)

reflected in any anomalies in the carbon-carbon bond distances
C,-C3, C3-C4, and C4-Cs, which are 1.459 (5), 1.412 (5), and
1.433 (7) A, respectively, corresponding to a typical A, pa-
rameter (difference between the “inner” C-C distance and the
average values of the “outer” C-C distances)!? of 0.034 A for
1,2,3,4-tetrahaptodiene-iron tricarbonyl derivatives. The bond
angles around Cs, Cq4, and Cs clearly indicate sp? hybridization.
However, bond angles involving C, show an unusual variation
suggesting distortion from the twisting necessary to form the
chelate “ring”: P4-C,-Cj is 127.3 (3)° whereas P4-C,-N,
[112.5(3)°] and N,-C,-C; [115.7 (4)°] are much less than
ideal sp? angles. However, the sum of these three angles is
355.5°, which is close to the 360° required for planar sp?-
hybridized carbon. The phenyl ring plane is tilted only 14.4°
from the butadiene best plane. The interaction between the
hydrogen atoms on C4 and C; owing to the near coplanarity
causes the C5-Cg-C5 angle to expand to 124.3 (5)°. Other
distances and angles are in agreement with values observed in
related structures.

The spectroscopic properties of this new iron complex are
in accord with structure 1. A predominant feature in the in-
frared spectrum is the expected strong »(CO) frequency at
1975 cm™! for the single carbonyl group; the weak band at
1932 cm™! can be assigned to the corresponding »('3CO)
frequency. The »(PF) region around 800-900 cm~! is rather
complex owing to the low symmetry and large number of
nonequivalent P-F bonds in the system. The '"H NMR spec-
trum exhibits in addition to the expected phenyl and methyl
resonances olefinic proton resonances at 7 4.15 and 5.6 as
compared with olefinic proton resonances at 7 3.91 and 6.88
for (CeHsCH=CHCOCH;)Fe(CO);.

The 13C NMR spectrum is particularly useful since each
of the individual carbon atoms can be located. The carbonyl
and phenyl resonances occur in typical regions. The expected
three methyl resonances are observed. Comparison with the
methyl resonance in (C¢HsCH=CHCOCH;)Fe(CO); (6

Table III. Bond Lengths for [C¢HsCH=CHC(CH;)=
C(POF;)N(CH;)PF;]Fe(CO)[(PF),NCH3]

atoms distance, A4 atoms distance, A¢
Fe-P, 2.128 (1) P4~C, 1762 (5)
Fe-P; 2113 (1) 0,-C, 1.139 (6)
Fe-C, 1768 (5) N:-C13 1.519 (8)
Fe-C» 2.067 (4) N,-C; 1.483 (5)
Fe-C; 2.051 (4) N,-Cyy 1.477 (7)
Fe-Cs 2,092 (3) C5-Cs 1.459 (5)
Fe-Cs 2.175(3) C;3-Cy 1.412 (5)
Pi-F, 1.567 (3) Cy-C1 1.524 (7)
P,-F, 1.564 (3) C4-Cs 1.433 (7)
P1-N; 1.652 (4) Cs5-Cg 1.483 (6)
Py-F; 1.573(3) Ce-C7 1.399 (6)
P>-F4 1.568 (3) Ce-Ciy 1.399 (8)
P2-N, 1,669 (6) Cr-Cs 1411 (8)
P;s-Fs 1.553 (2) Ci-Cy 1.396 (12)
P3-Fg 1.567 (4) Co-Cio 1.395 (8)
P3-N, 1.618 (4) Ci1o-Cyy 1.390 (7)
Ps-F5 1.537 (3)

P4-Fg 1.526 (2)

P4-0, 1.448 (3)

@ Bond distances have not been corrected for thermal motion. The
estimated standard deviations do not contain cell constant errors.

20.9) and in a typical monoligate monometallic CH;N(PF,),
complex!? such as CsHsMo(CO)(NO)(PF,),NCH; (6 26.0)
suggests that in the 13C NMR spectrum of I the resonance at
6 19.3 can be assigned to the C-methyl group and the resonance
at 6 24.9 to the N-methyl group of the monoligate monome-
tallic CH3N(PF,); ligand leaving the 8 35.7 resonance for the
N-methyl group in the chelating 1,3-diene-difluorophosphine
ligand. The four carbon atoms of the 1,3-diene ligand appear
at 6 98.2, 92.8, 91.1, and 58.1. All are doublets in the fully
proton-decoupled !3C NMR spectrum except for the singlet
at 0 91.1, thus indicating that the other three resonances are
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Figure 3. Proposed scheme for the reaction of benzalacetonetricarbonyliron
with CH3N(PFa),.

split by phosphorus-31 coupling and therefore suggesting that
they correspond to the three carbon atoms which are within
three bonds of the phosphorus of the P(O)F; substituent on C.
Accordingly, the resonance at 6 91.1 must be assigned to Cs,
which is the only 1,3-diene carbon more than three bonds from
the P(O)F, phosphorus. Off-resonance decoupling shows
further doublet splitting of the § 58.1 resonance, indicating that
this resonance must be assigned to C, bearing a single hydro-
gen. This leaves the doublets centered at 6 98.2 and 92.8 for
C; and C;, which are coupled with the P(O)F, phosphorus but
which have no directly bonded hydrogen.

An attempt was made to obtain a 3'P NMR spectrum of L.
However, the pattern was so complex because of the four
nonequivalent phosphorus atoms and many J(PF) and J(PP)
coupling constants that the signal-to-noise ratio was marginal
to observe the fine structure. Therefore even tentative as-
signments could not be made.

The mass spectrum of I was extremely complex in view of
the complicated structure of this molecule and the asymmetry
of the system leading to many possible fragmentation pro-
cesses. For this reason a detailed analysis was not attempted.
However, the expected molecular ion at m/e 576 could be
identified, The most intense fragment ions appear at ni/e 548,
381, and 296, corresponding to the successive losses of CO,
CH;3N(PF,),, and POF, in that order. A relatively intense ion
also appears at m/e 287 corresponding to Cy,H3NP,F,0%
formed by elimination of a neutral FeF, fragment from
Ci2H3NP,F4,OFe* (m/e 381). Similar eliminations of neutral
FeF; and other metal fluoride fragments have been reported
in the mass spectra of other fluorinated metal complexes.'?

Discussion

The  formation of [C¢HsCH=CHC(CH;)=C-
[P(O)F;]N(CH3)PF;]Fe(CO)(PF;,),NCHj; (I) from the re-
action of benzalacetonetricarbonyliron with CH3;N(PF;); can
be rationalized by the scheme outlined in Figure 3. In the first
proposed step one of the phosphorus atoms in a CH3;N(PF3),
ligand displaces the 7-bonded ketone carbonyl group in ben-
zalacetonetricarbonyliron (A) to form complex B containing
C,C-dihapto benzalacetone and monoligate monometallic
CH;3N(PF;); ligands. Related reactions of benzalacetonetri-
carbonyliron (A) with simple trivalent phosphorus ligands such
as phosphines and phosphites have been reported to proceed
in such a manner.!4 In the second proposed step the uncom-
plexed PF; group in B attacks the carbon of an adjacent car-
bonyl group to form a five-membered chelate ring leading to
C. The oxygen atom of the carbonyl group incorporated into
the chelate ring in C is bent in the direction of one of the re-
maining adjacent carbonyl groups, thereby facilitating loss of
CO; to form D. Since such CO, loss vacates one of the iron
coordination positions, the benzalacetone carbonyl group
recoordinates to the iron atom in D to regenerate a C,C,C,O-

Journal of the American Chemical Society / 101:10 / May 9, 1979

Table IV. Bond Angles (deg) for [C¢HsCH=CHC(CH;)=
C(POF3)N(CH3)PF;]Fe(CO)[(PF;),NCHj;]

P,-Fe-P; 98.43(5) Fe-Pi-F; 115.1 (1)
P,-Fe-C,; 104.3 (2) Fe-Py-F; 116.7 (1)
Pi-Fe-C; 148.5 (1) Fe-P1-Nj 126.2 (2)
Pi-Fe-C; 113.5 (1) F-Pi-F; 95.5 (2)
P,-Fe-C,4 96.4 (1) F;-Pi-N; 98.7 (2)
Pi-Fe-Cs 104.1 (1) F2-P1-N; 99.1 (2)
P3-'FC-'C1 97.3 (l) F3—P2—F4 93.9 (2)
P3-Fe-C, 67.4 (1) F;-P>-N; 98.7 (3)
P;-Fe-C; 87.7 (1) F4-P2-N; 99.3(2)
P3—FC—C4 126.7 (l) FC—P3—F5 123.0 (2)
P;-Fe-Cs; 154.4 (1) Fe-P3-Fs 129.6 (2)
Ci-Fe-C, 105.2 (2) Fe-P3;-N3 94.8 (1)
Ci-Fe-C; 140.6 (2)  Fs-P;3-F¢ 94.6 (2)
C-Fe-C4 127.6 (2) Fs-P3-N» 106.7 (2)
Cs-Fe-C, 88.8 (2) F¢-P3-N» 105.9 (2)
C3-Fe-C; 41.5 (1) F7-P4-Fs 97.4 (1)
C4-Fe-C; 73.6(1)  F:-P4-0O, 112.3 (2)
Cz*Fe—Cs 87.0 (2) F7-P4—C2 106.3 (2)
C;-Fe-C, 39.8(1)  Fg-P4-0y 113.6 (2)
C3—FC—C5 72.3 (2) Fg—P4—C2 104.9 (2)
C4-Fe-Cs 39.2(2)  O,-P4-C; 119.8 (2)
P,-N,-P, 119.4 (3)  Fe-C4-Cs 73.5(2)
Pi-N-Cy3 120.2 (4)  Fe-C4-C; 68.5 (2)
P>-N,-C13 1203 (4)  Cs-C4-Cs 1225 (3)
P;-N,-C» 96.7(3) Fe-C,-O, 175.8 (4)
P3-Ny-Cy4 133.6 (3)  Fe-Cs5-C4 67.3 (2)
C3-Ny-Cyy 126.5(3)  Fe-Cs-Cg 124.4 (3)
FC—CZ—P4 120.9 (2) C4—C5—C6 120.6 (3)
Fe-C-N; 101.1 3) Cs-Ce-C7 124.3 (5)
FC—Cz—C3 68.7 (2) C5—C6—C11 117.6 (4)
P4-C3-N, 1125 (3) C5-C¢-Cy,y 118.1 (4)
P4-C,-C; 1273(3)  Ce-C7-Cs 120.0 (6)
N,-C,-C3 1157 (4) C5-Cs-Cy 121.3 (5)
FC—C3—C]2 129.6 (3) Cg—Cg—Clo 118.3 (5)
Fe-C;-C, 71.7(2)  Co-C;-Cio 120.5 (6)
FC—C3—C2 69.8 (2) C(,-C“-Clo 121.8 (4)
C>-C3-C,4 120.4 (4)

Cy-C3-Cy2 120.7 (3)

Cy4-C3-Cyy 118.9 (3)

tetrahapto benzalacetone ligand. The coordinated ketonic
carbonyl in this tetrahapto benzalacetone ligand in D can be
displaced by a new CH3N(PF;); ligand to form E completely
analogous to the conversion of A to B. The phosphorus-carbon
bond in the chelate ring of D which is retained in E is analogous
to a phosphorus-carbon bond in a phosphonium ylide (Wittig
reagent) except for the nature of the substituents. This phos-
phorus-carbon bond can therefore react with the uncomplexed
ketone in E in an intramolecular Wittig-type reaction with the
formation of a new carbon-carbon double bond and a new
phosphorus-oxygen bond to give the observed product F (=I).
Formation of the former bond leads to the 1,3-diene whereas
formation of the latter bond leads to the POF, substituent.
Thus all of the five steps necessary to form the observed
product I from benzalacetonetricarbonyliron and CH3;N(PF;);
as outlined in Figure 3 are fully consistent with known chem-
istry: two steps involve simple displacement of a m-bonded
ketone carbonyl with a trivalent phosphorus ligand (A — B
and D — E), one step involves a decarboxylation (C - D), one
step involves attack of a metal carbonyl carbon by a conve-
niently situated nucleophile (B — C), and one step involves an
intramolecular version of the Wittig reaction (E — F). The
following two features of the reaction sequence in Figure 3 are
particularly novel: (1) an intramolecular Wittig reaction where
both the phosphonium ylide and the ketone reactants are at-
tached to the same transition metal through appropriate
linkages; (2) the flexibility of the benzalacetone ligand to act
as either a two- or a four-electron donor depending on the
available number of metal coordination sites (i.e., the ketone
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carbonyl group can “reserve” an iron coordination site needed
for a later step of the reaction).

In summary this work indicates that benzalacetonetricar-
bonyliron, although it can serve as a convenient source of
Fe(CO)s groups under mild conditions for reactions with
dienes® and acetylenes,!5 can undergo more complicated re-
actions involving the benzalacetone unit in the cases of other
ligands as exemplified by CH3N(PF3); in this work. There are
thus some clear limitations in the use of benzalacetonetricar-
bonyliron as a source of Fe(CO)3 groups in synthetic transition
metal organometallic chemistry.
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Abstract; An X-ray crystal structure determination of EtyN*(u-H)[Mo(CO)9PPh3]~ (1) has affirmed the positioning of
PPh; to be cis to the hydride bridge in a (bent, staggered) molecular anion framework. The compound crystallizes in the mono-
clinic space group P2;/n with unit cell parameters of a = 16.386 (6) A, b = 13.470 (5} A, c = 17.085 (8) A, and 8 = 92.10
(7)°; Peated = 1.48 g em~3 for Z = 4. The refinement led to a final R value of 0.034 based on 3518 observed reflections. The
Mo-Mo separation is 3.4736 (7) A, the bend of the molecular anion framework is 162.7°, the Mo-H-Mo angle is 127 (3)°,
and the hydride i§ located asymmetrically between the Mo atoms, the shorter Mo-H distance (by 0.5 A) being to the Mo(CO);
moiety. The quite long Mo-P bond (2.565 (1) A) corroborated the solution chemistry of 1, which was kinetically dominated
by a labile Mo-PPh; bond. The kinetically determined Mo-P bond enthalpy in 1is 23 & 2.4 kcal/mol. The title compound may
be used as precursor to more highly substituted dimer anions and/or neutral complexes, LyMo(CO),.

Introduction

Previous investigations of (u-H)[M(CO)s],~ (M = group
6B) and related compounds have placed particular emphasis
on the structural chemistry of such M-H-M bridged systems,
while investigations of the dynamic chemistry of these car-
bonylates have remained limited. We have recently reported
ligand lability studies of EtyN*(u-H)[M(CO)s],~ and have
suggested that simple CO dissociation from an equatorial
position is rate determining in ligand substitution reactions.”
Group SA donor ligands react with (u-H)[M(CO)s],~ in re-
fluxing THF or EtOH to form L,M(COQ)4 products. A kinetic
investigation of this process implicated coordinatively unsat-
urated intermediates of the type (OC)sM-H-M(CQ)4~, with
dimer disruption occurring only after substitution onto the
available coordination site. For the reaction of EtsN*-
(u-H)[Mo(CO)s],~ with PPh; in THF, an intermediate,
EtyN*(u-H)[Moy(CO)gPPh3]~ (1), was isolated prior to
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dimer disruption and was tentatively identified as an equato-
rially substituted Mo dimer.3

Subsequent work has intimated that the effects of M-M
interaction in these bridged hydride-dinuclear carbonylates
make tenuous the local symmetry approximation used in the
¥(CO) infrared-based structure assignment.* An X-ray crystal
structure determination was initiated to ascertain the geometry
of the substituted anion as well as the details of structural
modification on substitution of CO by the relatively enormous
PPh; ligand. The refined structure of 1 (including the hydride
position), the kinetic determination of the Mo-P bond strength
in 1, and the use of 1 as a precursor to other substituted dinu-
clear hydrides are reported here.

A recent review of structural transition metal hydride
chemistry included an excellent and clarifying section on the
six or so structures of 6B M-H-M carbonylates and deriva-
tives.® A brief synopsis of the current status of these structural
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