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Summary

Reaction of Cp(CO),Mn(n*-HC=CCQ,Me) (I) with PPh; or (Ph,PCH,—),
gives rise to m—o-rearrangement of the methylpropiolate ligand in I, yielding
the phosphonium ylide complexes Cp(CO),Mn~C(CO,Me)=CHP*Ph, R, where
R = Ph or CH,CH,PPh,. The structure of 1I was established by X-ray crystallo-

graphy.

Introduction

As we have reported recently {11, Cp(CO},Mn(n?-HC=CCO,Me) (I) adds
PPh; under mild conditions (20—40°C, in pentane), giving the complex
Cp(CO),Mn(HC,CO,Me)PPh, (I1), isolated as red air-stable crystals, insoluble
in alkanes, moderately soluble in benzene and ether, and readily soluble in
CHCl; and CH,Cl,. In solution II is sensitive to atmospheric oxygen. The IR
spectra of II show two absorption bands for terminal carbonyls (1910 and 1835
cm™!') and a band for the methoxycarbonyl group (1680 cm™), but no band
for the coordinated triple bond. These data together with mass spectra and
elemental analysis results led us to the conclusion {1] that PPh, induces a
rearrangement of I into a vinylidene complex, Cp(CO),Mn=C=CHCO,Me (1II),
and then adds to the a-carbon atom of the vinylidene ligand, i.e. IT has the
structure Cp(CO),Mn —C(P*Ph,;)=CHCO,Me, similar to that of the previously
reported Cr and W complexes of phosphonium ylide [2,3].

Surprisingly, an attempt to obtain Il from UII and PPh; under the same con-
ditions gave a brown substance with the same composition as II, but different
IR spectra and melting point. The structure of this product is now under investi-
gation. To establish the structure of II unambiguously we performed its X-ray
analysis.
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Results and discussion

The molecular geometry of II is shown in Fig. 1, bond lengths and angles are
listed in Table 1.

The Mn atom has a ““piano stool’’ environment of the planar cyclopenta-
dieny! moiety (Mn---C(Cp) distances are essentially equal, averaging 2.158({5)
A), two linear carbonyls and the o-bonded C(4) atom. The C(2)MnC(4) angle
is increased (95.7°) and the C(1)MnC(4) angle is, on the contrary, decreased
(85.5°) in comparison with the ideal value of 90°, due to bulky CO,Me sub-
stituent at C(4).

The Mn—C(4) bond of 1.985 A is longer than double Mn=C bonds in
carbene complexes Cp(CO),Mn=CRR' (1.86—1.89 A) [4—6], but shorter than
single Mn—C(sp?) bonds (e.g. 2.03—2.07 A in mononuclear g-arene manganese
complexes [7] and 2.026 A in the g-carbamoyl complex Cp(CO)(NO)MnC-
(=0)NH, [81). The latter bonds are still shorter than the sum of covaient radii
of Mn (1.39 [9] or 1.38 A [10]) and C(sp?) (0.74 A [11]), as usual for transi-
tion metal—sp*-carbon bonds [12]. In the binuclear complexes [Cp(CO),Mn],-
(u.-C=CRR') the bridging Mn—C(vinylidene) distances are 1.94—1.99 A [13].

The C(4)—C(5) bond, of 1.361 A, is somewhat longer than the normal double
bond, of 1.8337 A [14]. The essentially equal P—C(Ph) bond distances (mean
value 1.806(3) A) lie in the range 1.78—1.82 A common for carbon—tetrahedral
phosphorous bonds [15]. The P—C(5) bond length of 1.761 A is significantly
shorter and close to the values typical of partially double P—C bonds in phos-
phonium ylides (1.68—1.75 &), usually interpreted in terms of the resonance
[15]1:

SP=C{ <« ZP*—CZ.
The distortion of the tetrahedral P atom geometry agrees with the multiple

24 23
Fig. 1. Molecular structure of 1I. Hydrogen atoms, except H(5), are omitted.



TABLE 1

BOND DISTANCES (&) AND ANGLES (°)
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Bond Bond Bond

Mn—C() 1.770(4) C(2)—0(2) 1.174(4) P—C(31) 1.804(3)
Mn—C(2) 1.760(3) C(3)—C¢4) 1.486(4) P—C(41) 1.810(3)
Mn—C(4) 1.985(3) C(3)—0(3) 1.350¢4) C(11)—C@12) 1.428(5)
Mn—C(11) 2.155(3) C(3)—04) 1.213(4) C(12)—C@13) 1.417(5)
Mn—C(12) 2.156(3) 0(3)—C(6) 1.447(4) C(13)—C14) 1.419(5)
Mn—C(13) 2.154(3) C(6)—H, av. 0.95¢4) C(14)—C(15) 1.420(5)
Mn—C(14) 2.163(3) C(4)—C(5) 1.361(4) C(15)—C(@1) 1.405(5)
Mn—C(15) 2.164(3) C(5)—H(5) 0.95(4) C—C(Ph) 1.372(5)—1.398(4)
Mn—Cp & 1.790 Cc(5)—F 1.761(3) av, 1.387(7)
C(1)—0Q) 1.166(4) P—C(21) 1.805(3)

Angle Angle Angle

C(1)MnC(2) 91.7(2) C(3)0(3)C(6) 115.4(3) C(12)C(13)C(14) 108.2(3)
C(1)MnC(4) 85.5(1) 0O(3)C(6)H, av. 107 C(13)C(14)C(15) 108.0(3)
C(2)MnC(a) 95.7(1) HC(6)H, av. 112 C(11)C(15)C(14) 107.9¢{3)
CpMnC(1) ¢ 127.8 C(4)C(5)P 126.9¢2) PC(21)C(22) 122.8(2)
CpMncC(2) ¢ 123.8 C(4)C(5)H(5) 112(2) PC(21)C(26) 117.0(2)
CpMnC(4) ¢ 1221 PC(3)H(5) 121(2) C(22)C(21)C(26) 119.9(3)
MnC(1)0(1) 177.6(3) C(5)PC(21) 110,9(1) PC(31)C(32) 120.6(2)
MnC(2)0(2) 177.4(3) C(5)PC(31) 113.8(1) PC(31)C(36) 119.5(2)
MnC(4)C(3) 115.2(2) C(5)PC(41) 109.3(1) C(32)C(31)C(36) 119.9(3)
MnC(4)C(5) 126.9(2) C(21)PC(31) 110.1(1) PC(41)C(42) 119.5(2)
C(3)C)C(D) 118.0¢3) C(21)PC(41) 105.2(1) PC(41)C(46) 120.9(2)
C(4)C(3)0(3) 113.0(3) C(21)PC(41) 107.1(1) C(42)C(41)C(46) 119.5(3)
C(a)C(3)0(41) 124.3(3) C(12)C(11)C(15) 108.6(3) CCC in Ph 119.4(3)—121.3(3)
0(3)C(3)0(2) 122.6(3) C(11)C(12)C(13) 107.3(3) av. 120.0(5)

2 Cp is the centroid of the cyclopentadienyl ring.

character of the P—C(5) bond, as the mean C(5)PC(Ph) angle, 111(2)°, is
greater than the mean C(Ph)PC(Ph) angle, 107(2)°, though the tendency is not
very pronounced, probably due to steric hindrance.

Thus, the bond distances observed in the MnC(4)C(5)P moiety can be repre-
sented by two resonance forms, viz. a zwitter-ionic ‘‘g-vinyl-carbene’’ form
Cp(CO),Mn™—C(CO,Me)=CHP " Phj, and a *‘carbene-ylide” form Cp(CO),-

TABLE 2

PROPERTIES OF Il AND IV

Com- Appearance, m.p. (CC) IR spectra (cm™!) 31p NMR spectra (H3POg4 internal
plex (in CH,Cly) standard, in CH,Cl3), 8 (ppm)
J(31p—-31p; (Hz) in parenthesis
v(C=0) v(C=0)
P (phosphonium) P (phosphine)
11 Red crystals, 175 (dec.) 1910 1680 —3.82 —
1835
v Red powder, 75 (dec.) 1920 1680 —4.34 —14.37
1845 (47.61) (41.50)
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Mn=C(CO,Me)—CH=PPh ; without separate charges. II resembles the anion of
the complex (NMe,)[Cp(CO),MnCOPh], in which the bond distances Mn—C

of 1.96(2) & (the same as in II within e.s.d.) and C—O of 1.28 A are consistent
with two resonance forms, Cp(CO),Mn —C(=0)Ph and Cp(CO),Mn=C(—O")Ph,
contributing to delocalization of the negative charge [16].

Atoms C(3), C(4), C(5), Mn and P are coplanar within 0.02 &. H(5) is dis-
placed by 0.06 &, or less than 20, out of their best-fit plane. This plane forms
an angle of 106.5° with the plane of C(4), C(3), O(3), O(4), C(€) (indicating no
conjugation between the carboxyl w-system and MnC(4)C(5)P moiety) and an
angle of 134° with the Cp plane.

The phenyl groups have normal geometry. The P atom is tilted by 0.18 & out
of the C(21)---C(26) phenyl plane (i.e. the P—C(21) bond is bent out of this
plane by 5.6°) in the direction opposite to the CO,Me moiety, probably in
order to minimize steric hindrance with the latter, indicated by the short intra-
molecular distances: C(3)--C(21) of 3.070, C(3)--C(26) of 3.287 A. No abnor-
mally short intermolecular contacts are observed.

The structure of II confirms that PPh; addition induces not an acetylene—
metalloallene transformation, but a previously unknown 7—o rearrangement of
the methylpropiolate ligand in I.

Diphosphine Ph,PCH,CH,PPh, reacts with I in the same way as PPh,, yield-
ing complex 1V: -

I + Ph,PCH,CH,PPh, — Cp(CO)zMn’—-(E:CHP*PthHgCHzPth

ether
CO gMe
(Iv)

The properties of II and IV are summarized in Table 2. The 3'P NMR spec-
trum of 1T exhibits one singlet at —3.82 ppm which compares with the signal at
—4.08 ppm observed for the Ph;P"—CZ moiety in Pth*—(l)H—(l%—N “Ph [17].

PhN=C—C—P*Ph,
The 31P NMR spectrum of IV exhibits two doublets at —4.34 and —14.37 ppm.
The former signal can be attributed to the tetracoordinate P atom, and the
latter one to the tricoordinate P (uncomplexed Ph,PCH,CH,PPh, exhibits a

singlet at —13.2 ppm [18]). These data and the similarity between the IR
spectra of IT and IV allow us to ascribe to IV a structure similar to II.

Experimental

All synthetic operations were performed in an argon stream, using absolute
solvents saturated with argon. IR spectra were recorded on a Zeiss UR-20
spectrometer, and 3'P NMR spectra on a Bruker HX-98 spectrometer (36.44
MHz). :

An X-ray experiment was performed with a Syntex P2, four-circle computer-
controlled diffractometer at —120°C using graphite-monochromated Mo-K,
radiation.

Crystal data: C,sH,.MnO P, F.W. 522 4, monoclinic, at —120°C a = 14.74(1),
b=1091(1),c=15.57(1) &, = 100.57(5)°, V =2461(3) &3,dcnca. = 1.41 g
cm™, Z = 4, space group P2,/a.
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TABLE 4
COORDINATES (X10%) AND ISOTROPIC B (2) OF H ATOMS &

Atom x 3 =z Biso
H(5) 101(2) 339(3) 369(2) 1.7¢7)
H(6) —52(3) 253(4) 19(3) 5(1)
H(6) —12(3) 120(4) 22(3) 4(1)
H"(6) —117(3) 153(4) 35(3) 5(1)
H(11) 129 —26 496

H(12) 189 193 471

H(13) 275 182 340

H(14) 269 —a3 285

H(15) 178 —171 382

H(22) 9 585 83

H(23) —134 589 —20

H(24) —263 478 10

H(25) —253 362 141

H(26) —112 361 245

H(32) 235 386 228

H(33) 361 476 175

H(34) 355 686 132

H(35) 226 809 147

H(36) 101 722 204

H(42) —76 669 252

H(43) —115 814 354

H44) —33 813 500

H(45) 87 669 546

H(46) 130 528 443

2 Atoms from H(11) to H(46) have fixed cc;ord.inates corresponding to C—H distances 1.0 & and sp2
geometry of C atoms, and isotropic B of 3 Az.

Of 3190 independent reflections collected by the 8/260 scan technique in the
range 20 < 45°, 2593 having I > 20 were used in calculations. The structure
was solved by Patterson and Fourier methods, and refined by full matrix least
squares. Non-hydrogen atoms were refined with anisotropic temperature fac-
tors; methyl group hydrogen atoms and H(5) were located from a difference
Fourier map and refined with isotropic temperature factors; other (Ph and Cp
groups) hydrogen atoms were included in F, as fixed contributions at calculated
positions with isotropic B = 8 A2. Refinement converged at R = 0.035, or, after
discarding strong, extinction-affected 001 and 002 reflections, to R = 0.033
and R, = 0.031. Relative weights w = [6% + (0.005]F,|)?] ™! were used. Calcu-
lations were performed on an Eclipse $/200 computer using EXTL programmes
modified in this laboratory by A.l. Yanovskii and R.G. Gerr. Final atomic
parameters are listed in Tables 3 and 4.

Reaction of I with PPh,

0.7 g (2.67 mmol) of PPh, in 50 ml pentane was added to a solution of 0.3 g
(1.15 mmol) of Tin 50 ml pentane. The mixture was stirred for 3.5 hours,
yielding a red crystalline precipitate. The solution was poured off, the precipi-
tate was washed with pentane (6 X 10 ml) and dried in vacuo, yielding 0.51 g
(85%) of pure II. Found: C, 66.67; H, 4.81; Mn, 11.06; P, 5.91. C,0H,,MnO,P
caled.: C, 66.67; H, 4.63; Mn, 10.52; P, 5.93%. '
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Reaction of I with Ph,PCH,CH,PPh,

0.55 g (1.38 mmol) of Ph,PCH,CH,PPh, in 50 ml ether was added to a solu-
tion of 0.36 g (1.38 mmol) of I in 50 ml ether. The mixture was boiled for 2.5
hours, the solvent was removed in vacuo and the residue was chromatographed
on Si0, (Chemapol, Czechoslovakia, 100 X 160 u). The red-orange zone eluted
with ether gave after removal of the solvent 0.55 g (60%) of IV. Found: C,
68.19; H, 5.37; Mn, 8.16; P, 9.91. C5,H,;3MnO,P, caled.: C, 66.51; H, 5.05; Mn,
8.34; P, 9.41%.
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