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Reactions of 1—3-n-Allyl-manganese and -rhenium Tetracarbonyls with
Phosphines, Phosphites, and Triphenylarsine. The Crystal and Molecular
Structure of 1—3-n-Allyldicarbonylbis(trimethyl phosphite)manganese(i)

By Brian J. Brisdon,” Dennis A. Edwards," and James W. White, School of Chemistry, The University, Bath
BA2 7AY
Michael G. B. Drew," Department of Chemistry, The University, Whiteknights, Reading RG6 2AD

The complexes [M(n-CyHg)(CO);L1 [M = Mn, L = PPhg, AsPh;, P(CgH,,)s PBU",, or PMePh,; M = Re,
L = PPh,] and [M(-C;H;)(CO),L,] [M = Mn, L = PMePh,, P(OMe);, P(OEt),, or  Ph,PCH,PPh,; M = Re,
L = PPhy] have been prepared from [M(-C;H;5)(CO),] using thermal or photolytic methods. Taking the allyl
group as bidentate, the complexes are considered to possess pseudo-octahedral structures, the carbonyl ligands
being facial in the tricarbonyls and cis in the dicarbonyls. The 'H n.m.r. spectra are characteristic of n-allyl species
and show strong *H—31P coupling. The mass spectra of the complexes have also been obtained and fragmentation
pathways suggested mainly on the basis of observed metastable peaks. Crystals of [Mn(n-C;H;)(CO),{P-
(OMe),},] are monoclinic with a = 18.618(11), b = 9.218(7), ¢ = 10.607(11), = 102.1(1)°, Z = 4, and space
group P2,/a. 1 742 Independent reflections above background have been collected on a diffractometer and
refined to R 0.059. The metal atom has a distorted octahedral environment, being bonded to two mutually trans
phosphorus atoms [Mn—P 2.175(5) and 2.219(5) A}, two cis carbonyls [Mn—C 1.75(2) and 1.83(2) A}, and an

allyl group [Mn—C 2.223(17), 2.114(14), and 2.229(13) A].

THE complex [Mn(n-C3H;)(CO)3(PPhg)] has recently
been isolated ! from a phase-transfer catalysed reaction
between [MnBr(CO),(PPh,)] and C;H Br, and claimed
to be a new compound. In fact it was first reported 2
in 1969, having been prepared by thermal reactions
between PPh, and either [Mn(n-C3H,)(CO),] or [Mn(o-
cyclo-C4HCO)(CO);]. Apart from the two unusual

products [Mn{1;3-CH(SIH)C(Ph)CMe(Ph)}(CO):,:]3 and

[Mn(CO)4{n-CsF3(CFy)(AsMe,),}(AsMe,) Mn(CO),] 4 which
contains a 73-C(CF4)CCF, moiety bonded to one of the
metal atoms, the PPhy complex remained until very
recently the sole example of a simple ligand-substituted
allyl complex of the Group 7A metal carbonyls. How-
ever, Stuhl and Muetterties > have now reported that
[Mn(9-C3H,)(CO)o(PRy),] (R = Et, OMe, or OPri) and
[Mn(n-C3H;) (CO){P(OMe),}3] can be prepared from
[Mn(4-C4H;)(CO),]. The effectiveness of these com-
plexes in catalysing the hydrogenation of alkenes and
alkynes was tested, and the dicarbonyl complexes
shown to be the first catalyst precursors that involve
a MnI-MnI! couple. At the time of their report we
had also isolated a number of related allylmanganese
tricarbonyl and dicarbonyl complexes, and in view of the
catalytic potential of these complexes we have also
prepared the first two allylrhenium analogues and
completed a single-crystal X-ray structural analysis on
a representative example of this class of complexes,

namely [Mn(9-C4H;)(CO)o{ P(OMe)s},].

EXPERIMENTAL

Physical Methods.—Infrared spectra ot samples were
recorded on a Perkin-Elmer 597 spectrophotometer as
Nujol or hexachlorobutadiene mulls, liquid films, or as a
solution in n-pentane, carbon tetrachloride, or chloroform.
Hydrogen-1 n.m.r. spectra in CDCl;, CS,, or CD,Cl, were
obtained on JEOL PS 100 and Varian EM 360 spectro-

meters with tetramethylsilane as internal reference. Mass
spectra were recorded using an A.E.I. MS 12 spectrometer,
samples being introduced via an all-glass inlet system, with
an ionising energy of 70 eV 1 being employed. In order
to facilitate mass measurement some spectra were deter-
mined with the addition of perfluorokerosene as a reference.
Ion abundances are expressed relative to a metal-containing
base peak of 100 units. Melting points were determined
using a Kofler heating block.

Materials.—The complexes [Mn(n-C,H)(CO),]® and [Re-
(v-C3H;) (CO),1 7 were prepared, as previously described,
by decarbonylation of [M(c-C3H;)(CO);]. The required
[Mn(CO),]~ was normally prepared® from [Mn,(CO),,] and
sodium amalgam, but occasionally Li{BEt,H] was used in
place of the amalgam and found to be very efficient in
cleaving the metal-metal bond of the carbonyl.® The
purity of these starting materials was checked by i.r. and
'H n.m.r. spectroscopy.®?*® Liquid phosphines and phos-
phites were stored over molecular sieves and vacuum-
distilled before use. Solid ligands were used as received.

Reactions.—All thermal reactions and subsequent mani-
pulations were performed under dry nitrogen using dried
and degassed solvents. Photochemical reactions were
carried out in a conventional reaction vessel fitted with a
quartz water-cooled immersion well, a reflux condenser,
and a cannula for admission of dry nitrogen. The irradi-
ation source was a 100-W medium-pressure mercury arc
lamp.

1—3-n-Allyltricarbonyl(triphenylphosphine)mangan-
ese(1) »2—A mixture of [Mn(n-C;H;)(COj,] (2 mmol) and
PPh; (2 mmol) was heated in refluxing cyclohexane (25
cm?) for 3 h. Removal of the solvent (25 °C, 15 mmHg) }
left a pale yellow solid which was dissolved in the minimum
volume of light petroleum-diethyl ether (12:1). Chro-
matography on a Florisil column (30 X 2 cm) using the
same mixed solvent for elution followed by removal of the
solvent gave pale yellow crystals, yield 539%,, m.p. 159 °C
(decomp.) (Found: C, 65.2; H, 4.65. C,H,MnO,P

1 Throughout this paper: 1eV x~ 1.60 x 107 J; 1 mmHg ~
13.6 X 9.8 Pa.
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requires C, 65.2; H, 4.55%). N.m.r. spectrum * (CS,):
T 8.31 (q of t, 2 H, Hx), 7.92 (overlapping q of t, 2 H, Hy),
6.22 (m, 1 H, Hy), and 2.65 (d, 15 H, C;H,); Jax 12.0, Jau
7.2, ]PX 3.8, ]PM 1.2, and ]MX 1.2 Hz.
1-—3-n-Allyltricarbonyl(triphenylarsine)manganese(1).—
Reaction between [Mn(7n-CyH;)(CO),] (2 mmol) and AsPh,
(4 mmol) for 8 h in refluxing cyclohexane (25 cm?) followed
by removal of solvent and chromatography as above gave
two fractions. The first was unchanged tetracarbonyl and
the second a product isolated as pale yellow crystals, yield
319, m.p. 157 °C (decomp.), after removal of solvent and
recrystallisation from pentane (Found: C, 59.1; H, 4.00.
CyeHy0AsMnO,; requires C, 59.3; H, 4.159%). N.m.r.
spectrum (CDCly): = 8.16 (d, 2 H, Hy), 7.57 (d, 2 H, Hyy),
5.98 (tt, 1 H, Hy), and 2.64 (m, 15 H, C{H,); Jax 12.0 and
]AM 7.0 Hz. .
1—3-n-Allyltricarbonyl(tricyclohexylphosphine)mangan-
ese(r).—A similar reaction to that above using [Mn(y-
C;H,)(CO),j (2 mmol) and P(CgHy,); (3 mmol) in refluxing
cyclohexane (25 cm?®) for 4 h followed by similar work-up
procedures and recrystallisation from pentane gave pale
yellow crystals, yield 339%,, m.p. 178 °C (decomp.) (Found:
C, 62.6; H, 825 C,,H,;MnO;P requires C, 62.6; H,
8.30%). N.m.r. spectrum (CD,Cl,): t 8.74 and 8.16
(broad m, 33 H, CgH},), 7.80 (dd, 2 H, Hy), 7.41 (dd, 2 H,
Hy), and 5.44 (m, 1 H, H); Jax 12, Jam 7. Jrx 6, and Jey
ca. 1 Hz.
1—3-n-Allyltricarbonyl(tri-n-butylphosphine)mangan-
ese(1).—A mixture of [Mn(n-C;H;)(CO),] (2 mmol) and
PBu®, (2 mmol) was heated in refluxing cyclohexane for
20 min. {Longer reaction times led to mixtures of [Mn-
(n-C4H;) (CO)_(PBut),] (¥ = 1—3) as indicated by i.r.
spectra in the v(CO) region.} The solution was reduced
in volume to c¢a. 5 cm? and initially chromatographed on a
Florisil column using cyclohexane as eluant. Removal
of cyclohexane left an oily residue which was dissolved in
the minimum volume of dichloromethane and then subjected
to chromatography again. A yellow fraction eluted from
the column by dichloromethane gave a yellow hygroscopic
liqguid, yield 499, on removal of solvent (Found: C, 56.2;
H, 8.55. C,;H;;MnO,P requires C, 56.5; H, 8.459%).
N.m.r. spectrum (CDCl,): ©9.08 (m, 9 H, CH,;), 8.61 [broad
m, 18 H, (CH,),], 8.27 (dd, 2 H, Hx), 7.62 (dd, 2 H, Hy),
and 6.08 (m, 1 H, HA); JAX 12, ]AM 7, jpx 5, and ]}'M ca.
1 Hz.
1—3-n-Allyitricarbonyl(methyldiphenylphosphine)man-
ganese(1).—A mixture of [Mn(n-C4H,)(CO),] (2 mmol) and
PMePh, (2 mmol) dissolved in cyclohexane (75 cm?) was
photolysed at room temperature for 20 h using the method
described above. Infrared evidence indicated that al-
though some unchanged tetracarbonyl remained after this
time, prolonged photolysis led to lower yields of the desired
complex, the related dicarbonyl (see below) being formed
together with decomposition products. The solution was
filtered, reduced in volume, and chromatographed on a
Florisil column wusing cyclohexane. The first fraction
consisted of unreacted starting material. Changing to a
light petroleum-diethyl ether (12:1) solvent allowed the
elution of a yellow band which gave an oil on removal of
the solvent. The oil was purified by dissolution in pentane,
filtering, and evaporation of the solvent. The product was
a yellow hygroscopic liguid, yield 369, (Found: C, 61.0;
H, 4.85. C,,H,,MnO,P requires C, 60.0; H, 4.75%).
* The allyl protons are labelled according to: M, the swn-
protons; X, the anfi-protons; and A, the central proton.
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N.m.r. spectrum (CS,): r 8.38 (q, 2 H, Hx), 8.37 (d, 3 H,
CH,), 7.97 (overlapping q, 2 H, Hy), 6.40 (m, 1 H, Hy),
and 2.66 (m, 10 H, C;H;); Jax 11.8, Jam 7.0, 2Jpg 7.0,
jpx 50, jMX 12, and ]PM ca. 1.0 Hz.
1—3-n-Allyldicarbonylbis(methyldiphenylphosphine)-
manganese(1).—A similar photolysis reaction to that above
using PMePh, (8 mmol) and [Mn(4-C3H;)(CO),] (2 mmol),
and a reaction time of 72 h, followed by removal of the
solvent (25 °C, 15 mmHg), gave an oily residue. This was
dissolved in pentane (300 cm?®), filtered, and the volume of
the filtrate reduced until crystallisation was evident. The
filtrate was then left at 0 °C for several hours to give bright
yellow crystals, yield 32%, m.p. 154 °C (decomp.) which
were filtered off and washed with pentane (Found: C,
66.8; H, 5.60. C;H,;MnO,P, requires C, 67.4; H,
5.65%). N.m.r.spectrum (CDCl,): t 8.35—7.80 (m, 10 H,
CH,, Hx, and Hy), 6.20 (m, 1 H, H,), and 2.75 (m, 20 H,
CeH;).
1—3-n-Allyl[bis(diphenylphosphino)methaneldicarbonyl-
manganese(1).—A mixture of [Mn(n-C4H;)(CO),] (4 mmol)
and Ph,PCH,PPh, (dppm) (4 mmol) was heated in refluxing
light petroleum (b.p. 80—100 °C, 50 cm?) for 18 h. After
filtering the hot solution, removal of the solvent left a
solid which was recrystallised from a CH,Cl,-C,H;OH (1: 1)
mixture to give orange crystals, yield 25%, m.p. 204 °C
(decomp.) (Found: C, 66.4; H, 5.15. C,;,H,,MnO,P,
requires C, 67.2; H, 5.059%,).
1—3-n-Allyldicarbonylbis(trimethyl phosphiteymangan-
ese(1).>—A mixture of [Mn(xn-C;H;)(CO),l (3 mmol) and
P(OMe); (6 mmol) was heated in refluxing cyclohexane
(25 cm?®) for 1.5 h. Removal of the solvent left a yellow
oil which was chromatographed on a Florisil column using
light petroleum (60—80 °C)—diethyl ether (12: 1) as eluant.
A pale yellow fraction was collected, the solvent reduced in
volume, and kept at —20 °C to yield pale yellow platelets,
yield 66%, m.p. 46 °C (Found: C, 33.5; H, 5.80. C,;H,,-
MnOgP, requires C, 33.0; H, 5.809,). N.m.r. spectrum
(CDCl,): +8.62 (m, 2 H, Hx), 7.82 (d of m, 2 H, Hy), 6.40
(t, 18 H, OCH,), and 5.44 (m, 1 H, H,); Jpx 14, Jax 11.5,
]I’E 10.5, ]AM 7, ]pM ca. 1, and .]MX ca. 0.5 Hz.
1—3-n-Allyldicarbonylbis(triethyl phosphite)ymangan-
ese(1).—A similar procedure to that above for the P(OMe),
complex gave 1.6 g of a yellow oil after chromatography.
Very pale yellow crystals, yield 41%,, m.p. 24 °C, were
obtained from the oil by recrystallisation six times from
pentane at —78 °C (Found: C, 42.0; H, 7.00. C,;H,-
MnOgP, requires C, 42.2; H, 7.30%,). N.m.r. spectrum
(CDCLy): =+ 8.74 (mm, 20 H, Hy, and OCH,CH,), 7.87 (d, 2
H, Hy), 6.04 (m, 12 H, OCH,CHj,), and 5.46 (m, 1 H, H,);
jAM 7 Hz.
1—3-n-Allyltricarbonyl(triphenylp hosphine)rhenium (1).—
A mixture of [Re(n-C;H;)(CO),] (1 mmol) and PPh, (2
mmol) was heated in refluxing cyclohexane (25 cm?®) for
85 h during which time the v(CO) region of the i.r. spectrum
was monitored. After this time the intensity of the v(CO)
bands of a tricarbonyl product reached a maximum although
some unchanged tetracarbonyl as well as some dicarbonyl
product were also present. Removal of the solvent left a
white solid which was dissolved in warm light petroleum-
diethyl ether (12:1) and the solution then subjected to
chromatography on a Florisil column. Further monitoring
by i.r. spectroscopy allowed the separation of a product
obtained as a white powder, yield 35%,, m.p. 168 °C, after
removal of the solvent (Found: C, 50.6; H, 3.95. C,,-
H,,0,PRe requires C, 50.3; H, 3.509%,). N.m.r. spectrum
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(CDCL): v7.94 (d of m, 2 H, Hg), 7.68 (dt, 2 H, Hy), 6.18
(m, 1 H, I‘IA), and 2.68 (d, 15 H, C5H5); ]AX 12, jAM 7,
Jpx 4, and Jux 1.2 Hz.
1—3-n-Allyldicarbonylbis(triphenylphosphine)-

rhenium(l).—A mixture of - [Re(n-C;H;)(CO),] (1 mmol)
and PPh, (6 mmol) was heated in refluxing cyclohexane
(80 cm?) for 22 d. By monitoring the course of the reaction
by i.r. spectroscopy, it was clear that [Re(n-C;H;)(CO),-
(PPh,)] was the major product in solution. However,
after 6 d a solid began to appear and the reaction was
continued until the i.r. spectrum of a sample of the solution
showed no further change. After cooling, the solid was
filtered off, and then dissolved in hot dichloromethane-light
petroleum (b.p. 80100 °C). Evaporation of this solvent
was then continued until crystals began to appear. After
standing at 0 °C for several hours, the crystals, yield 569,
m.p. > 260 °C (decomp.) were collected, washed with
pentane, and dried in vacuo (Found: C, 60.9; H, 4.45.
CyH,0,P,Re requires C, 61.0; H, 4.35%). N.m.r.
spectrum (CD,CL): v 9.16 (m, 2 H, Hx}, 8.01 (d, 2 H, Hy),
5.86 (m, 1 H, H,), and 2.43 (m, 30 H, CgH;); Jam 7 Hz.

Crystal Data.—C, H,MnOgP,, M = 400.1, Monoclinic,
a = 18.618(11), b = 9.218(7), ¢ = 10.607(11) A, p =
102.1(1)°, U = 1780.0 A2, D, =149 g cm™, Z—4,
AMo-K,) = 07107 A, =990 cm™, F(000) = 832,
space group P2,/a from systematic absences, 40! with
h = 2n -} 1 and 020 with £ = 2n + 1.

A sample of [Mn(y-C3H;)(CO),{P(OMe);},] was recrystal-
lised three times from pentane at —20 °C to provide
crystals suitable for the X-ray determination. A crystal
with dimensions 0.2 X 0.5 X 1.5 mm was mounted with
the (101) planes perpendicular to the instrument axis of a
General Electric XRD 5 diffractometer which was equipped
with a manual goniostat, scintillation counter, and pulse-
height discriminator. Zirconium-filtered molybdenum X -
radiation was used. The stationary-crystal-stationary-
counter method was used with a take-off angle of 4° and a
counting time of 10 s. Individual backgrounds were taken
as a function of 20. 1 742 Independent reflections were
measured with 20 < 40° of which 1 348 with I > 2q(J)
were used in subsequent calculations. Neither an absorp-
tion nor an extinction correction was applied.

The positions of the manganese atoms were obtained from
the Patterson map, and subsequent Fourier maps gave all
the remaining non-hydrogen-atom positions. These were
refined and then a difference-Fourier synthesis was cal-
culated and all hydrogen atoms were located. The posi-
tions of the allyl hydrogen atoms were allowed to refine
independently while those of the methyl groups were refined
as rigid groups with free rotation allowed about the C—C
bond. Ior all hydrogen atoms, isotropic thermal para-
meters were refined successfully. All other atoms were
given anisotropic thermal parameters and the structure
was refined by full-matrix least squares to R 0.059. The
weighting scheme employed was chosen to give similar
values of wA? over ranges of F, and (sinf)/2, and was w! =
1 for F, < 40 and w? = 40/F, for F, > 40. Calculations
were made using the SHELX 76 19 system of programs at
the University of London Computer Centre. Scattering
factors and dispersion corrections were taken from ref. 11.
The final list of atumic positions is given in Table 1 and the
bond lengths and angles in Table 2. The final difference-
Fourier map showed no significant peaks, and the zero-
weighted reflections showed no large discrepancies. Lists
of structure factors, thermal parameters, and hydrogen-
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atom positions are given in Supplementary Publication
No. SUP 22831 (8 pp.).*

RESULTS AND DISCUSSION

The complexes [M(5-Cy4H;)(CO);L] (M = Mn, L =
PPh,, AsPh,, P(CgHy,)s, PBur,;, or PMePh,; M = Re,
L = PPh,] and [M(n-CzH;)(CO),Ls] [M = Mn, L =
PMePh,, P(OMe);, P(OEt);, or 4 dppm; M = Re,
L = PPh;] have been prepared by carbonyl-displace-
ment reactions employing [M({n-C;H;)(CO),] as the
starting material. The manganese products are
markedly susceptible to air oxidation, particularly in
solution, the solids slowly turning from pale or bright
yellow to brown. They can, however, be stored in-
definitely under nitrogen at ambient temperatures.
The two rhenium complexes appear to be air-stable as
solids and much less prone to oxidation in solution.

Most syntheses could be effectively carried out
thermally, but the two methyldiphenylphosphine com-
plexes are best prepared photolytically as thermal
reactions gave mixtures of products separable only with
difficulty. A number of other analogous reactions have
also been studied and although pure solid products
have not been isolated, usually because of separation
problems, i.r. evidence from the v(CO) region clearly
indicates that [M(y-C;H;)(CO),L] [M = Mn, L = uni-
dentate dppm, unidentate Ph,PCH,CH,PPh, (dppe), or
P(OMe);; M = Re, L = P(CgH,y); or P(OMe),], {M(n-
C3H,)(CO),L,] [M = Mn, L = PBu"; or idppe; =
Re, L = P(C¢H,,)3 or P(OMe);], and {Mn(xn-CjH,)-
(CO)(PBuv,),] are present in the reaction mixtures.

Of the complexes isolated in this work only [Mn(-
C3Hy)(CO)y(PPhy)] 12 and [Mn (5-CyHy) (CO)yf P(OMe), )y ®
have been previously reported. There are considerable
disparities in the quoted melting point of the PPhy
complex, found to be 159 °C (decomp.) by us and
reported as either 120—125 (decomp.) ! or 140—142 °C 2
in the literature. The two rhenium complexes |[Re-
(1-C3Hg)(CO),,(PPhy),} (x = 1 or 2) are the first car-
bonyl ligand-substitution products to be obtained from
[Re(n-C3H;)(CO),]. These rhenium complexes can also
be prepared by activating the substitution photoly-
tically, but the yields (x =1, 19%,; x = 2, 1839%,) are
considerably poorer than those attained in thermal
reactions. As anticipated, the substitution proceeds
at a much slower rate for rhenium than for manganese
(see Experimental section). Apart from the isolation of
[Mn(4-C4H;)(CO)4(AsPhy)], all the complexes prepared
contain phosphorus donor ligands and attempts to use
the nitrogen donor ligands pyridine, 2,2"-bipyridyl, or 1,2-
diaminoethane in analogous reactions were unsuccessful.

In a number of cases we have also prepared the man-
ganese complexes by more direct thermal reactions
between [Mn(s-C4H;)(CO);] and phosphorus donor
ligands in refluxing cyclohexane. Thus it would appear
that separate decarbonylation of the s-allyl to [Mn(n-
C3H;)(CO),] is not essential since presumably ready

* For details see Notices to Authors No. 7, J.C.S. Dalton, 1979,
Index issue.
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decarbonylation i# situ precedes the carbonyl-sub-
stitution steps in such reactions. As we have previously
found 7 that [Re(s-Cy3H;)(CO);] cannot be successfully
thermally decarbonylated, but only photolytically, to

TABLE 1

Atomic co-ordinates ( X 10%) with estimated standard
deviations in parentheses

Atom x y z

Mn 1 454(1) 1 852(3) 2 540(2)
P(1) 760(2) 2 893(5) 3 688(4)
P{2) 2 040(2) 620(5) 1 266(4)
O(1) —91(5) 2 438(12) 3 199(10)
0(2) 918(5) 2 683(13) 5 213(9)
0(3) 731(6) 4 632(12) 3 793(11)
0O(4) 2 848(5) 1 140(13) 1 256(10)
O(5) 2 111(7) —1 106(13) 1416(11)
O(6) 1 688(6) 609(14) —2569(9)
C(1) —653(9) 2 972(23) 3 819(17)
C(2) 920(11) 1 263(24) 5 741(17)
C(3) 463(11) 5 512(20) 2 659(19)
C(4) 3 297(10) 494(26) 452(18)
C(5) 2 448(12) —1 810(23) 2 576(20)
C(6) 1014(10) —196(24) —776(17)
C(7) 988(8) 242(18) 2 738(13)
o(7) 669(7) —824(14) 2 876(13)
C(8) 812(9) 2 529(17) 1112(16)
O(8) 426(7) 2 974(14) 227(11)
C(12) 2 254(9) 3 664(18) 2 665(17)
C(13) 2 285(8) 2 981(18) 3 835(14)
C(14) 2 460(8) 1 520(18) 4 074(14)

give [Re(n-C3H,)(CO),], it is not surprising that similar
reactions between [Re(o-C3H;)(CO);] and phosphorus
donor ligands in refluxing cyclohexane do not lead to
the formation of [Re(n-C3H;)(CO)y L. (x =1 or 2)
analogues.

The i.r. ¥(CO) band frequencies of the complexes are
listed in Table 3 along with weak bands at ca. 1 500
cm™ which are characteristic of y?-allyl groups. The
analogous allyl bands of [M(5-C4H;)(CO),] are found at
1500 cm™ (M = Mn)12 and 1495 cm? (M = Re).?
The observed v(CO) band patterns may be rationalised
if the complexes are considered to be pseudo-octahedral
with the w3-allyl group occupying two co-ordination
sites as suggested independently by Stuhl and Muet-
terties > and Oudeman and Sorensen,'® and supported
by the crystal structure of [Mn(n-C3H;)(CO),{P(OMe);},]
reported here. A consideration of the local symmetry
of the carbonyl groups and the nature of the other
ligands, but without speculating on possible orient-
ations of the n3-allyl group, shows that the tricarbonyl
complexes could exist in two isomeric forms with the
three carbonyl ligands taking up either fac or mer
arrangements. Both isomers should give rise to three
ir.-active v(CO) bands. In general, the fac isomer
may be distinguished from the mer by band intensity
measurements, since for the former three strong absorp-
tions are predicted ¥ whereas one weak and two strong
bands are expected for the latter. In solution or as
liquid films all the tricarbonyl complexes display three
strong v(CO) bands, indicating the isolation of fac
isomers of general formula [M(CO);(bidentate)L] (C,
local symmetry; 24’4+ A"). The complex [Mn(n-
C,H,;)(CO)4{P(C4H,,)3}] consistently shows an additional
weak shoulder on the band of intermediate frequency.

J.C.S. Dalton

All the dicarbonyl complexes display two strong v(CO)
bands (4; 4+ B;) consistent with a ¢¢s-dicarbonyl
arrangement. In all of these complexes, apart from
[Mn(n-C3H;)(CO)y(dppm)], the band at lower frequency,
assignable to the asymmetric stretching mode, is the
more intense. Since the relative intensities of the two
bands (assessed here by measurement of the areas under
the peaks) are dependent upon the angle 26 between the
two C-O bonds,'® according to I,/I; = tan20 it is appa-
rent that for these complexes the OC-M—CO angle
exceeds 90°. For [Mn(n-C3H;)(CO),{P(OMe);},] a value
of 102° has been calculated from solution i.r. data and
this compares with the value of 97.7° obtained from the
single-crystal structure determination. In this bis-
(phosphite) complex the phosphite ligands are mutually
trans and the carbonyl ligands are #ra#ns to the small-bite
chelating n3-allyl ligands; it is therefore understandable
that 26 will exceed 90°. We have no reason to suppose
that this ligand arrangement is different in the other
dicarbonyl complexes, apart from [Mn(n-C3H;)(CO),-

TABLE 2

Bond lengths (A) and bond angles (°) with estimated
standard deviations in parentheses

(a) Distances

Mn—P(1) 2.175(5) Mn—P(2) 2.219(5)
Mn—C(7) 1.75(2) Mn—C(8) 1.83(2)
Mn—C(12) 2.223(17) Mn—-C(13) 2.114(15)
Mn—C(14) 2.229(13)
P(1)—-0O(1) 1.62(1) P(2)—0(4) 1.58(1)
P( )=0(2) 1.59(1) P(2)—0(5) 1.60(1)
(1)—O(3) 1.61(1 ) P(2)—0(6) 1.61(1)
O(l)-—C( ) 1.43(2) O(4)—C(4) 1.44(2)
0(2)—C(2) 1.42(2) 0O(5)—C(5) 1.42(2)
0O(3)—C(3) 1.45(2) 0O(6)—C(6) 1.46(2)
C(71)-O(7) 1.17(2) C(8)-0(8) 1.13(2)
C(12)—C(13) 1.38(2) C(13)—C(14) 1.40(2)
(b) Angles
P(1)-Mn—P(2) 172.8(2)
P(1)-Mn—C(7) 86.6(6) P(1)-Mn—C(8) 87.2(6)
P(1)~Mn—C(12) 96.0(5) P({1)-Mn—~C(13) 81.9(5)
P(1)-Mn—C(14) 99.2(4)
P(2)~Mn—C(7) 87.6(6) P(2)—~Mn—C(8) 89.4(6)
P(2)-Mn—C(12) 90.6(5) P(2)-Mn—C(13)  105.1(5)
P(2)-Mn—C(14) 85.9(4)
C(7)—Mn—C(8) 97.7(7)
C(7)—-Mn—C(12) 166.1(6) C(7)-Mn—C(14) 99.1(6)
C(8)-Mn—C(12) 96.1(7) C(8)—Mn—C(14) 162.4(7)
C(12)-Mn—C(14) 67.0(6)
Mn—P(1)-0(1) 111.3(4) Mn—P(2)—0(4) 116.1(5)
Mn—P(1)-O(2) 120.6(4) Mn—P(2)-0(5) 119.2(5)
Mn-P(1)-O(3) 120.7(5) Mn—P(2)-0(6) 117.8(5)
O(1)-P(1)-0(2)  104.7(6) O(4)-P(2-0(5)  104.0(7)
0(1)-P(1)-0(3)  103.6(6) O(4)-P(2)-0(6)  100.5(6)
0O(2)—P(1)—0(3) 93.0(6) (5)—P(2)—O(6) 95.8(6)
P(L)-O(L)-C(1)  121.6(10) P(2)-0O(4)-C(4)  123.3(11)
P(1)-0(2)—C(2) 119.7(10) (2)—-0(5 )—C(5) 123.6(11)
P(1)-O(3)~C(3)  120.7(10) P(2)-0(6)-C(6)  121.0(11)
Mn—C(7)—O(7) 179.1(15) Mn—C(8)~-O(8) 178.3(15)
C(12)—C(13)—C(14) 124.5(15)

(dppm)], and certainly multinuclear n.m.r. evidence ?
favours this stereoisomeric arrangement for [Mn(x-
C,H;)(CO)4{P(OPri)g},]. The phosphorus ligands cannot
be mutually #rans in [Mn(n-CgH,)(CO),(dppm)] as it
contains a chelating ditertiary phosphine ligand. Since
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the carbonyl ligands are still evidently cis, one must be
trans to a PPh, moiety and the other essentially ¢rans to
a terminal carbon of the n*-allyl ligand. It is therefore
to be expected that 26 will be smaller than for the other
dicarbonyl complexes. The intensity of the higher-
frequency symmetric mode is found to be greater than
that of the lower-frequency asymmetric mode and a
value of 80° has been calculated for the OC-Mn-CO
angle.

Details of the room-temperature 100-MHz 'H n.m.r.
spectra of these complexes are listed in the Experi-
mental section. Some difficulties were encountered in
obtaining good spectra, peaks frequently being broad
with the expected splittings obscured. Since both
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split deceptively simple triplet. Harris 7 has shown
that for a spin system of the type X,AA'X, (X = H,
A = P) with the nuclei of type X magnetically equi-
valent a simple 1:2:1 triplet will be observed when
Jan" > |Jax — Jax'|- Thus it initially seems reason-
able to explain this feature on the basis of virtual
coupling with the two mutually ¢rans phosphorus
nuclei coupling strongly with each other and the
methoxy-protons coupling equally with both 3P nuclei.
The spectra of several bis(phosphine) and bis(phosphite)
complexes, ¢.g. trans-[M(CO),{P(OMe);},] (M = Cr, Mo,
or W)18 and trans-[MX,(PMey)y) (M= Pd or Pt,
X = halide) 1 have been assigned in this manner.
The methoxy-protons of the closely related complex

TABLE 3

Infrared data (cm™)

Complex ¥(CO)
[Mn(n-C4H;)(CO),(PPh,)]
[Mn(n-C,H;)(CO)5(AsPhy)]
[Mn(n-C3H;)(CO)3{ P(CgH ) ,}]
[Mn(n-C3H;)(CO)5(PBuny) ]
[Mn(n-C3H;)(CO)4(PMePh,)]
[Re(n-C3H;) (CO)5(PPhy)]
[Mn(n-CyHg)(CO)y(PMePhy),]
{Mn(9-C3H;)(CO),{P(OMe)y4},]
[Mn(0-C,H,) (CO),{P(OEt),},]
[Mn(0-C3H;) (CO),(dppm)]
[Re(n-C3H;) (CO),(PPh;),)

2 026s,
1917s, 1 851vs?
1943s, 1 872vs ®
1939s, 1 867vs?®
1 930vs, 1 866s ¢
1 926s, 1 849vs

2 Calculated from ratio of intensities of »(CO) bands (ref. 15).

CHCI;, solution.

metals have nuclei with large spins and quadrupole
moments it is possible that coupling and relaxation
effects could cause line broadening. However, good
quality spectra showing couplings between allyl syn
(Hy) and ant: (Hx) protons or between 3P nuclei and
allyl syn protons of the order of 1 Hz can be obtained
for many of the complexes once the samples have been
freshly recrystallised or purified by chromatography.
It seems therefore that oxidation leading to para-
magnetic impurities is the cause of line broadening.

The room-temperature spectra are typical of -
allyl complexes with coupling to 3!P, the spectra being
interpretable as either AMy,X, or AMM'XX' spin systems
on 3P decoupling. As expected, Jix (ca. 12 Hz) is
always larger than Jay (ca. 7 Hz). For the phosphine
complexes strong 31P-Hy coupling (J ca. 5 Hz) is also
observed whereas [J;y 1s much weaker (ca. 1 Hz).
This order of magnitude of coupling constants is the
reverse of that found 1% for the Group 6A complexes
{M(n-C3H;) X(CO),L,] (M = Mo or W; X = Cl or Br,
1., = dppm or dppe), where J;x values are less than 1
Hz whereas [,y values are ca. 3 Hz.

Some further comments on the spectrum of [Mn(y-
C,;H;)(CO)o{ P(OMe),},] are appropriate. First, the mag-
nitude of Jyx (14 Hz) exceeds that of J,x (11.5 Hz)
and is much greater than Jux of the phosphine complexes
(5 Hz). Secondly, the room-temperature 100-MHz
spectrum shows the methoxy-protons as a slightly

2 000s, 1 930s, 1 908vs ?

2 005s, 1 930s, 1 910s ?

2 000m, 1 923m, (sh), 1 914s, 1 901s®
1 997s, 1 921s, 1 898s ¢

1996s, 1 919s, 1 889s ¢

1 940s, 1 915s?

Approximate

OC—-M—-CO Sasym.(CHy)
angle (°) @ of n-CgHj
1 508vw
1 502w
1 501vw
1 501vw
1 502w
97
102 1 496w
102 1 496w
30 1 500vw
99

® In n-pentane solution. ¢Liquid film. ¢In CCl, solution. ¢1n

[Mn(CyHgNO)(CO)y{ P(OMe);},] (CgHeNO = 8-hydroxy-
quinolinate) also appear as a triplet at room temper-
ature.?® However, a more detailed study of the spec-
trum of [Mn(n-C;H;)(CO),{P{OMe);},] suggests that
virtual coupling need not be invoked to explain the
spectrum. Thus the 3!P-decoupled 100-MHz spectra
run at —80 and at 429 °C do not show a singlet for
the methoxy-protons, as would be expected for a
virtually coupled system, but rather a 1:1 doublet of
separation 10 Hz indicative of two different environ-
ments for the phosphite ligands with respect to the #3-
allyl ligand, in agreement with the solid-state structure.
Furthermore, a room-temperature 60-MHz spectrum
is composed of two doublets for the methoxy-protons,
3Jpr = 10.5 Hz, showing that the central line of the
triplet in the 100-MHz spectrum is produced by adventi-
tious overlap of two of these four lines. The 100-MHz
spectrum run at —80 °C clearly shows that each line of
the triplet is a doublet (separation ca. 2 Hz), such split-
ting being just apparent at +29 °C but absent at +50 °C
at which temperature each line of the triplet is rather
broad. Also at +50 °C the methoxy-proton doublet in
the 3'P-decoupled spectrum is very broad, tending to
collapse towards a singlet. We suggest that these
features are best explained using first-order coupling.
At —80 °C the complex will be stereochemically rigid,
the two methoxy-proton signals being split into over-
lapping doublets by the proximal 3P nuclei (3/pg =
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10.5 Hz), each line being further split by coupling to the
distal 3P nuclei (®Jpg =2 Hz). On warming, the
phosphite ligands appear to lose their inequivalence
with respect to the n3-allyl group, possibly as a result
of a fast rearrangement of the y3-allyl group. Consistent
with this suggestion, the allyl-proton signals are notice-
ably sharper at 50 than at —80 °C, although it is
conceivable that favourable relaxation effects may be
responsible for such sharpening of the lines. We there-
fore suggest that the complex may be stereochemically
non-rigid above room temperature, but spectra could
not be recorded above 450 °C because of the onset of
decomposition.

The mass spectrum of each complex has also been
obtained and the metal-containing ions observed listed
in Tables 4 and 5 for the tricarbonyl and dicarbonyl
complexes respectively, observed metastables also being
listed. Each spectrum also contains many ions asso-
ciated with ligand fragments and these are often of high
intensity, but have not been considered in detail so

J.C.S. Dalton

process (1), as shown by the presence of the appropriate
metastable peaks.

[Mn(n-CgHg)L]* —s= [MnL]* + CH,' (1)

The mass spectrum of [Re(n-C4H;)(CO),(PPhy)] is
markedly different to those of the manganese tri-
carbonyl complexes, stepwise loss of carbonyl groups
being a favoured process with each fragment ion being
of high relative intensity and all three metastables
being detected. Unlike the manganese analogues,
[Re(n-C3H;)L]* is not the most abundant metal-contain-
ing ion. The most abundant ion is [Re(CO),;L}* and the
appearance of the appropriate metastable shows that
the allyl fragmentation [equation (2)] is a major com-

[Re(n-C3H;) (CO)3(PPhy) ]+ —a- )
[Re(CO)y(PPhy)]* + C5Hy™  (2)
petitive process to that of initial carbonyl loss. Stepwise

loss of carbonyl ligands from [Re(CO);(PPhg)]* then
follows, with [Re(PPh,)]* thereby arising from two

TABLE 4

Metal-containing ions in the mass spectra of the tricarbonyl complexes @

ML

Mn, PPh, Mn, AsPh, Mn, P(CH,,), Mn, PBu®, Mn, PMePh, Re, PPh,?

Ion mfle R.IL mfe R.L mfe R.I. mle R.L mfe R.IL mfe R.IL

Pt 442 7 486 5 460 4 382 10 380 10 574 90
[P-CO]+ 458 5 546 97
[P—2CO]+ 324 3 518 61
[P—3CO]]+ 358 100 402 100 376 100 298 100 296 100 490 38
[M(CO),L}+ 533 100
[M(CO),L]+ 505 32
[ML]* 317 47 361 33 335 10 257 8 255 28 449 88

Metastables (m/e)

358 317 486 ->402 382 -»298 380 -»324 574 +546
298 -»257 324 »296 574 533
296 255 546 518
533 >505

518 490

o R.I. = Relative intensity.

that the individual ion abundances quoted will not
approximate to the percentage of ion current carried.
The rhenium-containing ions are clearly identified by
the isotopic ratio 187Re:185Re = 1:0.59, but no such
easy identification is possible for the manganese ions
as 5Mn is 100% abundant. The molecular ion is
observed for all the complexes except [Mn(n-CgH;)-
(CO)o(PMePh,),], but it is of high relative intensity
only for [Re(n-C3H;)(CO)g(PPhy)].

The manganese tricarbonyl complexes show very
few metal-containing ions and unexpectedly there is
little evidence of stepwise carbonyl ligand loss. Indeed
metastable evidence points to the fact that all three
carbonyl ligands can be lost in a single step to afford
[Mn(n-CzH;)L]* fragment ions which are by far the
most abundant metal-containing ions for each complex.
For these manganese tricarbonyl complexes there is no
evidence for the presence of [Mn(CO),_L]* (¥ = 0—2)
fragment ions, so loss of allyl prior to carbonyl frag-
mentation is not a favoured process. The [MnL]* frag-
ments must therefore arise from the fragmentation

b Bascd on 7Re isotope only.

alternative fragmentation pathways. Ior the parent
compound [Re(n-C3H;)(CO),] stepwise loss of carbonyl
groups with retention of the allyl group is much favoured
over fragmentation of the allyl followed by stepwise
carbonyl loss.”

Ligand fragmentation whilst still attached to the metal
is not a favoured process for the tricarbonyl complexes
although [Mn(%-C3H;)(AsPhy)]* is observed as an ion of
moderate intensity in the spectrum of the AsPh, com-
plex.

From a consideration of the metastables detected in
the spectra of the manganese dicarbonyl complexes
[Mn(n-CyH;)(CO),L,] [L = PMePh,, P(OMe);, or P-
(OEt);], the major fragmentation pathway is
undoubtedly (3). Thus initial simultaneous loss of

[Mn(n-C3Hj)(CO),L,1 " — [Mn(n-CgHy) Lo]* + 2CO

C,H; + [MnL]* «— [Mn(n-C;H)L]* 4+ L (3)

both carbonyl groups, [Mn(n-C4H;)(CO)L,]* not being
detected, is followed by loss of one ligand molecule
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before elimination of the allyl group. Loss of 1 mol of
ligand only is a favoured process since [Mn(n-CzH;)L}*
are the most abundant metal-containing ions in each
of the three spectra and there is evidence for other ions
such as [Mn(x-C3H;)(CO)L}*, albeit in low abundance,
showing that carbonyl and ligand loss may be com-
petitive processes.

The mass spectrum of [Mn(n-C4H;)(CO),(dppm)] is, as
expected, somewhat different since one phosphorus
cannot be lost without ligand cleavage. Fragmentation
thus follows the simpler sequence (4), as confirmed by
metastable observations.

[Mn(#-C4H)(CO)y(dppm) |+ —>-
[Mn(n-CgHy)(dppm)]* + 2CO

[Mn(dppm)]* + CgHy' )

As in the tricarbonyl series, the rhenium dicarbonyl
complex [Re(n-C3H;)(CO)y(PPhg),] does not follow the
same fragmentation pattern as the manganese dicar-
bonyl complexes. The base metal-containing peak is
[Re(n-C3H;)(CO),(PPhy)]1* and generally the most intense
ions arise from fragments containing only one PPh,
ligand, ¢.g. [Re(CO)y(PPhy)*, [Re(n-C,Hy)(CO)(PPhy)]*,
and [Re(n-CgH;)(PPhg)]*. Although the loss of 1 mol
of phosphine ligand is again favoured, for this complex
alone of the dicarbonyls, initial loss of allyl must be a
competing pathway since all possible [Re(CO),_,
(PPhg),]* (x = 0-—2) ions as well as [Re(CO),(PPhy)]* are
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phosphite) complex by observation of the metastables,
m*, as shown.

Pt
400 m* = 295.8

(¥ — (OR)]" —
369 m* = 265.5

[P — 2CO — (OR)]*
313 (5)

Finally, it is noticeable that no fragment ions have
been detected which involve loss of two hydrogens from
the allyl group whilst bound to the metal. Such ions,
e.g. [Re(CgH,)(CO),]* (¥ = 0—2), are of high abundance
in the mass spectra of both [Re(s-C3H;)(CO);] and [Re(n-
C;H;)(CO),] and have been ascribed 7 to the formation
of cyclopropenyl metal ions within the spectrometer.

Crystal Structurc of [Mn(n-CzH;)(CO)o{P(OMe)y},].—
The structure (Iigure) consists of discrete molecules
separated by the usual van der Waals contacts. The
metal atom is bonded to two mutually ¢rans phosphorus
atoms, two mutually cis carbonyl groups, and an allyl
ligand. The metal atom can be regarded as having a
slightly distorted octahedral co-ordination if the allyl
ligand is reasonably considered to span two co-ordination
positions on the manganese atom. The structure is
however considerably more distorted from octahedral
than the chelate acetato-complex [Mn(CO)y(O,CMe)-
(PPhy),],2t and we ascribe this to the presence of the
allyl ligand. Whereas the allylic hydrogens and indeed
C(13) are close to the co-ordination sphere of the metal
in the present molecule, in the acetato-complex only

TABLE 5
Metal-containing ions in the mass spectra of the dicarbonyl complexes &
M, L
Mn, 2PMePh,  Mn, dppm Mn, 2P(OMe);  Mn, 2P(OEt), Re, 2PPh, ¢
lon mle R.I. mle R.I. mle R.IL mle R.I. mle R.I.
Pt 536 1 400 11 484 9 808 3
[P—2COJ 496 <0.1 480 100 344 8 428 7
[M(CO),L,]* 767 7
[M(CO),L]+ 505 16
[M(CO)L,]+ 739 8
[ML,]+ 4556 <«<0.1 439 18 303 1 387 1 711 4
[M(C,H,)(CO),L]* 546 100
[M(C,H,)(CO)L]* 324 5 248 1 518 40
IM(C,H,)L}+ 206 100 220 100 262 100 490 38
[ML]+ 256 18 179 37 221 14 449 50
Metastables (m/c)
r A -
536 >480 344 >220 484 -428 739 711
480 —>439 220 ->179 428 262
262 »>221

% R.I. == Relative intensity.

detected. Surprisingly, initial loss of carbonyl ligands
appears not to be significant for this complex as the
ions [Re(x-C3H;)(CO),_(PPhg),]t (¥ =1 or 2) are not
detected. In contrast to the tricarbonyl complexes,
ligand fragmentation whilst still attached to the metal
is a significant feature, particularly for the dicarbonyl
bis(phosphite) complexes. Ions not listed in Table 5
such as [Mn(n-CgH;)(CO), {P(OR)sH{P(OR),}* (x =0
or 2; R = Me or Et) and [Mn(OMe){P(OMe),}1* are of
at least moderate relative intensity. The fragmentation
pathway (5) is established for the bis(trimethyl

® Based on 1%’Re isotope only.

the two oxygen atoms of the acetate ligand affect the
positions of the other atoms.

We have already mentioned 'H n.m.r. evidence point-
ing to the non-equivalence of the two trimethyl phosphite
ligands of the complex in solution. These ligands are
also inequivalent in the solid-state structure as shown
by the variation in Mn—P-0 and O-P-O angles (Table 2)
and by the manner in which the methoxy-groups of
P(1) are markedly twisted away from the central allyl
C-H bond. Furthermore, the two manganese—phos-
phorus distances [Mn-P(1) 2.175(5) and Mn-P(2)
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2.219(5) A] are significantly different and P(1) is further
from the allyl-carbon atoms C(12) and C(14) [P(1)-
Mn-C(12) 96.0(5) and P(1)-Mn-C(14) 99.2(4)°] than
P(2) [P(2)-Mn-C(12) 90.6(5) and P(2)-Mn-C(14)
85.9(4)°]. The central allyl-carbon atom C(13), which
must be on one side of the equatorial plane defined by
Mn, C(7), and C(8), is closer to P(1) [P(1)-Mn-C(13)
81.9(5)°] than P(2) [P(2)-Mn—C(13) 105.1(5)°]. An
additional cause of distortion from octahedral symmetry
is close contacts involving the oxygen atoms of the
trimethyl phosphite ligands and atoms in the co-
ordination sphere. It seems pertinent that torsion
angles of the type L-Mn—P-O are different for the two
phosphorus atoms and that the three smallest angles

A perspective view of the molecule [Mn(n-C3Hy)-
(COY{P(OMe),},] showing the atom-numbering scheme

involve P(2) rather than P(1); these are C(8)-Mn-—
P(2)-0(6) —6.0, C(12)-Mn—-P(2)-O(4) 17.1, and C(13)—
Mn-P(2)-O(4) —17.5°. We therefore suspect that
these O +++ C contacts are the major cause of the
disparity in the Mn—P bond lengths.

Both Mn-P bonds are noticeably shorter than those
found in a number of other manganese(l) complexes,
c.g. 2.260 and 2.275 A in [Mn(CO),(0O,CMe)(PPhy),],2
2.296 and 2.303 A in fac-[MnBr(CO),{PPh(OMe),},],2
and 2.262 and 2.281 A in ¢is-[Mn(CO),{ PPh(OMe),},]*.23
This shortening may reflect the superior =-acceptor
ability of trimethyl phosphite.

The Mn-C carbonyl bond lengths [Mn—C(7) 1.75(2)
and Mn—C(8) 1.83(2) A] are as expected and the Mn-
C(7)-0(7) and Mn—C(8)-O(8) angles are very close to
180°. The C(7)-Mn-C(8) angle exceeds 90°, as pre-
dicted from ir. v(CO) band intensity measurements,
whereas for [Mn(CO),(O,CMe)(PPhg),] 2! this angle
[89.3(5)°] is hardly perturbed from a right angle.

The #?-allyl group is symmetrically bonded to the
metal, as shown by the manganese—carbon allyl distances
[Mn—-C(12) 2.223(17), Mn—C(13) 2.114(15), and Mn-
C(14) 2.229(13) A], the shortest bond being to the

J.C.S. Dalton

unique central C(13) atom. Amongst the =3-allyl
structures that have been studied crystallographically,
many are similarly symmetric.2 The C(12)-Mn-C(14)
and C(12)-C(13)-C(14) angles of 67.0(6) and 124.5(15)°
are also typical ® of many n?-allyl complexes. It is
generally found in such complexes that the allyl C,
plane is not perpendicular to the co-ordination plane
of the metal, the central carbon atom being tipped
away from the metal atom. In the present complex
the dihedral angle between the allyl C; plane and the
equatorial plane defined by Mn, C(7), and C(8) is 109.0°.
The #3-allyl group is slightly twisted with respect to
this plane, C(12) and C(14) lying 0.07 and 0.21 A respect-
ively below, and C(13) lying 0.47 A above the plane. No
other simple #3-allyl manganese structures appear to
have been reported in the literature, so valid compari-
sons of Mn—C(allyl) distances with those of the present
complex are not possible. These distances in [Mn,-
(CO)g{{AsMey){C,F;}(AsMe,),}]* are 2.09(2), 2.07(2), and
2.13(2) A but this complex contains a fluoro-% ~CF,C(As)
22+ C(As) ==+ CF, moiety which is also part of a ring.

The mean bond distances and interbond angles
involving the trimethyl phosphite ligands are un-
remarkable, being very similar to those in such widely
different complexes as octahedral [Ru(n-C;H Me-2),{P-
(OMe),},),2® trigonal-bipyramidal [Fe(CO)4{P(OMe},},),26
and  distorted-tetrahedral  [{Ag(NOz)[P(OMe)s],},].%
Thus in the order for the complexes of Mn, Ru, Fe,
and Ag, mean distances and angles are: P-O 1.60,
1.61,1.59, and 1.56 A; O-C 1.44, 1.42, 1.44, and 1.42 &;
O-P-0 100.3, 99.0, 100.9, and 100.8°; P-O-C 121.6,
122.7, 121.0, and 125.3°; and M-P-O 117.6, 118.6,
117.1, and 116.7° respectively. The phosphorus co-
ordination is clearly close to tetrahedral in all examples.

There are no intermolecular distances in the present
complex greater than the sum of the van der Waals
radii.

We thank A. W. Johans for his assistance with the crystal-
lographic investigations and the S.R.C. for the award of a
studentship (to J. W. W.).

[0/018 Received, 4th January, 1980)

REFERENCES

1 D. H. Gibson, Wen-Liang Hsu, and Da-Sheng Lin, J.
Ovrganometallic Chem., 1979, 172, C7.

2 M. 1. Bruce, M. Z. Igbal, and F. G. A. Stone, . Organometal-
lic Chem., 1969, 20, 161.

3 H. Alper and Hang-Nam Paik, J. Organometallic Chem.,
1976, 122, C31.

4 W. R. Cullen, L. Mihichuk, F. W. B. Einstein, and J. S.
Field, J. Organometallic Chem., 1974, 73, C53; F. W. B. Einstein
and J.'S. Field, J.C.S. Dalton, 1975, 172.

5 L.S.Stuhland E. L. Muetterties, Inorg. Chem.,1978,17,2148.

¢ H. D. Kaesz, R. B. King, and F. G. A. Stone, Z. Naturforsch.,
1960, B15, 682.

? B. J. Brisdon, D. A. Edwards, and J. W. White, J. Organo-
metallic Chem., 1979, 175, 113.

8 J. A. Gladysz, G. M. Williams, W. Tam, D. L. Johnson, D. W.
Parker, and J. C. Selover, Inorg. Chem., 1979, 18, 563.

* F. A Cotton, J. W. Faller, and A. Musco, Inorg. Chem., 1967,
6, 179.

10 SHELX-76, G. M. Sheldrick, personal communication.


http://dx.doi.org/10.1039/DT9800002129

1980

11 ‘ International Tables for X-Ray Crystallography,” Kynoch
Press, Birmingham, 1974, vol. 4.

12 G. Davidson and D. C. Andrews, J.C.S. Dalton, 1972, 126.

13 A. Oudeman and T. S. Sorensen, J. Organomectallic Chem.,
1978, 156, 259.

14 L. E. Orgel, Inorg. Chem., 1962, 1, 25.

15 W. Beck, A. Melnikoff, and R. Stahl, Ckem. Ber., 1966, 99,
3721.

18 B. J. Brisdon, J. Organometallic Chem., 1977, 125, 225.

17 R. K. Harris, Canad. J. Chem., 1964, 42, 2275.

18 R. D. Bertrand, P. Ogilvie, and J. G. Verkade, J. Amer.
Chem. Soc., 1970, 92, 1908; F. B. Ogilvie, J. M. Jenkins, and J. G.
Verkade, ibid., p. 1916.

1 D. A. Duddell, J. G. Evans, P. L. Goggin, R. J. Goodfellow,
A. J. Rest, and J. G. Smith, J. Chem. Soc. (4), 1969, 2134.

2137

20 P, J. Parker and A. Wojcicki, Inorg. Chim. Acta, 1974, 11, 9.

21 W. K. Dean, G. L. Simon, P. M. Treichel, and L. I*. Dahl,
J. Ovganometallic Chem., 1973, 50, 193.

22 G. J. Kruger, R. O. Heckroodt, R. H. Reimann, and E.
Singleton, J. Organometallic Chem., 1975, 87, 323.

23 G. J. Kruger, R. 0. Heckroodt, R. H. Reimann, and E.
Singleton, J. Organometallic Chem., 1976, 111, 225.

24 H. L. Clarke, J. Organometallic Chem., 1974, 80, 155.

2 R. A. Marsh, J. Howard, and P. Woodward, J.C.S. Dalton,
1973, 778.

2 D. Ginderow, Acta Cryst., 1974, B30, 2798.

27 J. H. Meiners, J. C. Clardy, and J. G. Verkadc, {snorg. Chem.,

1975, 14, 632.


http://dx.doi.org/10.1039/DT9800002129

