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The vinylidene rhodium complex CsHs;Rh(=C=CH,)PiPr; (1)
reacts with C;H¢Cr(CO), upon UV irradiation and with C;H;Mn-
(CO),THF at room temperature to give the heterometallic
dinuclear compounds [CsH(PiPr;)Rh{u-C = CH,}p-CO)C(CO)-
CsH¢l (4) and [C;H(PiPr;)Rh(-C=CH,Xp-CO)Mn(CO)CH;]
(6), respectively. Treatment of 6 with HBF, in ether leads, after
metathetical exchange of the anion with NH/PF,, to the PF;
salt of the p-ethylidyne cation [CsHy(PiPr;)Rh(3-CCH;3)u-CO)-
Mn(CO)CsHs1* (7). The reactions of 1 and CsH,Rh-
(=C=CHR)PiPr; 2: R = Me; 3: R = Ph) with Fe{CO), give
the dinuclear complexes [CsHy(PiPry)Rh(u-C=CHRXp-CO)Fe-
(CO),] (11 —13) as the main products. In addition, small amounts
of the trinuclear clusters [(u3-n*,n*-C = CHR}u-CO),Fe,Rh(CO),-
{(PiPr)CsH;] (14— 16) are formed. The protonation of 11 ~13 with
HBF, gives the ionic compounds [C,;Hy(PiPr;)Rh(u-CCH,R)-
(u-CO)Fe(CO);]1BF, (17—19). The crystal and molecular struc-
tures of 6, 11, and 14 have been determined. The two dinuclear
complexes 6 and 11 contain unsymmetrical bridging ligands (CO
and C=CHy,) probably as a consequence of the different electronic
configuration of the metal atoms. The core of the trinuclear cluster
14 consists of an open Rh—Fe—Fe triangle which is triply
bridged by the C=CH, unit.

During our investigations on electron-rich half-sandwich
type compounds CsGHsMLL’ (M = Co, Rh,Ir; Land L” =
two-electron donor ligands) we previously observed that the
reaction of trans-[RhCI(RC=CH)L,] (L = PiPr;) with
NaC;sH; not only leads to the formation of the expected
alkyne complexes CsH;Rh(RC=CH)L but also to that of
the unexpected vinylidene isomers CsH;Rh(=C = CHR)L>?.
These compounds reveal a remarkable reactivity towards
electrophilic substrates as is illustrated with CH,N,, the
chalcogens¥, and CuCl® as examples in Scheme 1.

As a continuation of these studies, we were interested to
learn whether not only CuCl but also other metal-contain-
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Vinyliden-Ubergangsmetallkomplexe, VIV, — Die Rbodiumver-
bindungen CsHRB(= C = CHR)PiPr, als Bausteine fir die Syn-
these von heterometallischen’ Vinyliden-verbriickten Zwei- und
Dreikern-Komplexen :

Der Vinyliden-Rhodiumkomplex Cﬂl,Rht=C=CH2)PiPr3 @
reagiert mit CeH Cr(CO); bei UV-Bestrahlung und mit
C,H;Mn(CO),THF bei Raumtemperatur zu den heterometal-
lischen Zweikernverbindungen [CsHy(PiPr;)Rh(n-C=CH,)u-
CO)Cr(CO)CsH] (4) bzw. [CH(PiPry)Rh{p-C=CH,Xu-CO)-
Mn(CO)C;sHs] (6). Die Behandlung von 6 mit- HBF, in Ether
fihrt, nach Austausch des Anions mit NH,PF, zu dem PF¢
Salz des p-Ethylidin-Kations [CH«(PiPr;)Rh(u-CCH,}u-CO)-
Mn(CO)CsHs]* (7). Die Reaktionen von 1 und C;H;Rh-
(=C=CHR)PiPr; (2: R = Me; 3: R = Ph) mit Fe{CO), ergeben
als Hauptprodukte die Zweikernkomplexe [CsHy(PiPr;)Rh{u-
C=CHRXu-CO)Fe(CO);] (11—13). Daneben werden auch ge-
ringe Mengen der dreikernigen Cluster [(ps-n!,n>-C=CHR)-
(#-CO)Fe,Rh(CO)(PiPr;)CsH,] (14 —16) gebildet. Die Protonie-
rung von 1113 mit HBF, liefert die ionischen Verbindungen
[CsH(PiPr;)Rh{p-CCH,RXjt-CO)Fe(CO);1BF, (17~ 19). Die Kri-
stall- und Molekiilstrukturen von 6, 11 und 14 wurden bestimmt.
Die Zweikernkomplexe 6 und 11 enthalten unsymmetrisch ge-
bundene Briickenliganden (CO und C=CH,), was wahrscheinlich
auf die unterschiedliche Elektronenkonfiguration der beiden Me-
tallatome zuriickzufithren ist. Das Geriist des dreikernigen Clu-
sters 14 besteht aus einem offenen Rh— Fe — Fe-Dreieck, das von
der C=CH,-Finheit Giberbriickt ist. )

ing species that have a free coordination site are able to
react with the Rh=C bond of CsH;sRh(=C=CHR)L to
form heterometallic dinuclear complexes. Prior to our
work® Antonova, Kolobova, and coworkers” as well
as Berke® reported that mononuclear manganese,
rhenium, and iron compounds of general composition
M(=C=CHR)L, react; e.g, with C:HsMn(CO),(THF),
Fe(CO),, or M(CO)s (M = Mo, W) under UV irradiation
to give the corresponding dinuclear vinylidene-bridged
products [L M(u-C=CHR)M'L;] (R = Ph, CO,Me). A re-
lated complex of formula [(dppm)Pt(u-C=CHW(CO),]
[dppm = CH,(PPh,),], in which the unsubstituted :C=CH,
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unit bridges two different metal atoms was obtained by
Stone et al.” but was not prepared from a mononuclear
vinylidene-containing precursor.

Heterometallic Dinuclear Complexes and Trinuclear
Clusters Formed from CsH;Rh(=C=CHR)L

The primary attempts to use the complexes CsHsRh-
(=C=CHR)L(L = PiPr; I: R = H; 22 R = Me; 3:R =
Ph) as building blocks for vinylidene-bridged dirhodium
compounds [CsHs(L)Rh(u-C = CHR)Rh(L")C;H;] remained
unsuccessful. Neither of the starting materials, CsHs-
Rh(CO),, CsHRh(CO)PMe; nor CsHsRh(C,H,)PMe; which
on thermolysis or photolysis could generate a [CsHsRh(L")]
species, reacted with 1—3 to form a product with the afore-
mentioned composition,

ILR=H 2:R=Me¢
3:R=Ph

CsHsRh(=C=CHR)PiPr,

We therefore turned our interest to [C¢HeCr(CO).],
[CsHsMn(CO),], and [Fe(CO),] as 16-electron fragments
which, like [CsHsRh(L")], are also isolobal to CH,!?. The
reaction of 1 with CiH,Cr(CO); under UV irradiation in
benzene at room temperature gives a mixture of products
from which the expected dinuclear complex 4 is isolated in
30% yield. The structure proposed on the basis of the IR
and 'H-NMR data is shown in Scheme 2. Recently, the
Stone group described the synthesis of a structurally similar
compound, [CsMeyCO)Rh(u-CO),Cr(CO)CsH¢], in which
the two [C,R,M(L")] units are not linked by one carbonyl
and one vinylidene but by two semi-bridging CO groups!'?.

By using chromatographic techniques, the phosphane-
substituted compound C¢H¢Cr(CO),L (5) has been separated
in small amounts from the reaction mixture obtained from
1 and C¢H(Cr(CO),. This result demonstrates that during
the interaction between 1 and CsHCr(CO); (or, more prob-
ably, [C¢H¢Cr(CO),]) partial migration of the phosphane
ligand L from rhodium to chromium occurs that possibly
proceeds via a dinuclear carbonyl-bridged intermediate.
Complex 5 has independently been prepared by photolysis
of a benzene solution of CgHCr(CO); and L in nearly quan-
titative yield.

Scheme 2 (L = PXPrJ)
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The synthesis of the rhodium-manganese compound
[CsH{L)Rh(p-C=CH)u-COMn(CO)CsHs] ~ (6)  (see
Scheme 3) follows a similar route, but uses the THF adduct
CsH:Mn(CO),(THF) instead of CsH;Mn(CO); as starting
material. The molecular structure of 6 has been elucidated
by X-ray analysis. Like that of 4 the IR spectrum in THF
shows two CO stretching frequencies at 1895 and 1800
cm ™!, which indicates that the structure with one bridging
CO group in the crystal is also present in solution. Some
relatives of 6, the cobalt-manganese complexes 8a,b and
9'2% and the rhodium-manganese complex 10'*, are
known and have been prepared in our laboratory from
C:H;Co(CE)PMe; (E = O, S) or C;H;Rh(CO)PMe;, re-
spectively, and (CsH,R)Mn(CO),(THF).

C H Mn(CO), S
Scheme 3 55 2 1
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Complex 6 reacts with acids such as HBF, in ether to
give the dark blue [CsHs(L)Rh(p-CCH;)(p-CO)Mn(CO)-
CsHs]* cation. It has been isolated as the PFg salt 7 in ca.
70% yield. The *C-NMR spectrum of 7 is particularly not-
able for the very low-field resonance at 8 = 452.7 which is
characteristic of the ligated carbon atom of a bridging car-
byne group ', Protonation of the symmetrical dinuclear
u-vinylidene complexes [CsHs(CO),Mn],(u-C=CH,)®,
[CsH5(CO)Co],(i-C=CH,)'", and [CsH{(CO)MI(-CO)(p-
C=CH,) (M = Fe', Ru") likewise yields p-ethylidyne cat-
ions whereas the analogous indenyl rhodium compound
[CsHACO)Rh]Au-C=CH,) on treatment with HBF, forms
the unsymmetrical vinyl-bridged species [ CoH;Rh(u-CO)(pt-
n?-CH = CH,)Rh(CO)C,H,]* '®. The observation that com-
plex 7 is stable in the solid state but decomposes in acetone
or methanol to reform the parent compound 6 indicates that
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in solution an equilibrium between the neutral p-vinylidene
complex and the p-carbyne cation exists.

The results illustrating the reactivity of the three vinyli-
dene rhodium complexes 1—3 towards Fe,(CO), are sum-
marized in Scheme 4. We found that in all cases the expected
dinuclear iron-rhodium compound 11 — 13 is the main prod-
uct, but, in addition to this, small quantities of trinuclear
RhFe, clusters 14—16 are formed. As far as the reaction
mechanism is concerned we assume that both [Fe(CO),] as
well as [Fe,(CO). ], x = 7 or 8, are involved as reactive
intermediates which are stabilized by the electron-rich vi-
nylidene rhodium complex. The interesting facet of the
cluster formation is that a trinuclear species such
as [CsH;(L)Rh(u-CO)u-C=CHR)Fe(u-CO);Fe(CO);] does
not seem to be stable and rearranges by loss of CO and
transfer of cyclopentadienyl from rhodium to iron to give
the isolated product. A few examples of trinuclear homo-
and heterometallic clusters containing triply bridging n!,n*
C=CHR units are already known but have not been pre-
pared from mononuclear vinylidene compounds as starting
materials ' —2",

Scheme &
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The dinuclear complexes 11—13 smoothly react with
HBF, in ether to give the corresponding p-carbyne iron-
rhodium cations (Scheme 4). The BF, salts 17—19, which
precipitate out of solution as dark brown powders within
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seconds after addition of HBF,, are quite stable under ni-
trogen in the solid state but in acetone or methanol in ab-
sence of excess acid decompose rapidly to regenerate 11 —13.
In nitromethane, solutions of 17—19 are stable at room
temperature for ca. one hour and thus NMR spectra can be
measured. The 'H-NMR spectra show two signals for the
diastereotopic methyl protons of the triisopropylphosphane
ligand owing to the chirality of the cationic species. In the
BC-NMR spectrum of 19 (which is the most stable of the
dinuclear cations) the resonance of the p-carbyne carbon
atom is again found at very low field (6 = 416.54) which
is in agreement with earlier observations mentioned be-
fore*—19,

Attempts to split the carbonyl and vinylidene bridges in
the dinuclear Fe —Rh compounds by PMe; to eventually
produce CsH;Rh(PiPr;)PMe;? and the unknown iron com-
plex Fe(=C=CHR)(CO), failed. Instead of cleavage of the
bridge substitution of one terminal CO group by the phos-
phane occurs to give 20 in almost quantitative yield. The
formation of 20 is noteworthy insofar as the related com-
plexes 8 and 10 react with PMe; not by substitution but by
fragmentation of the dinuclear framework to give mono-
nuclear products!?,

X-Ray Structural Analyses of Complexes 6, 11,
and 14

The molecular structures of the two dinuclear p-vinyli-
dene complexes 6 and 11 are shown in Figures 1 and 2. In
both molecules the RhC;M four-membered ring is bent
along the Rh—M axis resulting in a dihedral angle between
the [RhC(CH;)M] and [RhC(O)M] planes of 162.7° for 6
and 140.3° for 11. The value of 162.7° for the rhodium-
manganese compound is nearly identical to that found for
the related cobalt-manganese complex 8a (160.7°), in which
the two metal atoms are bridged by two carbonyl groups?,

The most characteristic feature of the structures of 6 and
11 undoubtedly is the presence of unsymmetrical CO and
C=CH, bridging ligands (cf. Tables 1, 2). In 6, the angles

Figure 1. Perspective drawing of 6 with the numbering of atoms
corresponding to Tables 1 and 2
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Figure 2. Perspective drawing of 11 with the numbering of atoms
corresponding to Tables 3 and 4

Rh—C—X and Mn—C-X differ by 30.4° for X = O and
14.6° for X = CH,, with the oxygen atom and the carbon
atom of the CH, group being bent towards rhodium and
not to manganese. The corresponding values for 11 are 21.8°
for X = O and 5.7° for X = CH, (Tables 3, 4). There is
also a significant difference in the M —p-C(O) and M —p-
C(CH,) distances which are shorter by 39.9 and 15.5 pm for
M = Mn than for M = Rh in 6 and by 29.9 and 7.5 pm
for M = Fe than for M = Rh in 11. We conclude that these
differences do not mainly arise from the non-equivalence of
the two metal atoms, since, for example, the Rh —Mn bond
length in 6 [266.7(1) pm] is only slightly different from the
metal-metal distance in comparable homometallic Rh — Rh
and Mn—Mn complexes, e.g., [CsHA{CO)Rh],(u-C=CH,)
[Rh—Rh = 269.1(1) pm]™®, [CsMe{CO)Rh],(u-C=CMe,)
[Rh—Rh = 268.4(0) pm]*, [CsHs(CO)Rh],(n-CH,) [Rh—
Rh = 266.2(1) pm]?, [CsHs(CO),Mn],{p-C=CH,) [Mn—
Mn = 275.9(1) pm]%, and [CsHs(CO),Mn],(p-CH,) [Mn —
Mn = 277.9(1) pm]®. It is worth mentioning that the
Rh—Mn bond length in 6 lies in the same range as that
found in [CsMes(CO)Rh(u-CO),Mn(CO)CsHs] [270.3(2)
pm] 28).

We believe that the reason for the remarkable dissym-
metry of the central RhC,M unit in 6 and 11 should be
sought in the different electronic configuration of the two
metal atoms. If the four electrons of the bridging ligands are

Table 1. Selected bond distances (pm) in 6 with estimated standard

deviations

Rh-Mn 266.7(1) c13-C14 138.7(9) c5-C6 137.1(9)
Rh-P 231.7(1) cl4-c10 137.1(7) c6-C7 136.8(8)
Rh-C1 222.4(4) Mn-C1 183.3(3) c7-c8 136.0(7)
Rh-C3 205.6(3) Mn-C2 175.6(3) c8-C9 137.3(8)
Rh-C10 231.4(4) Mn-C3 190.1(3) c9-C5 136.8(7)
Rh-C11 228.5(4) Mn-C5 217.9(5) c1-01 119.0(4)
Rh-C12 225.6(6) Mn-C6 213.7(6) €2-02 115.9(4)
Rh-C13 224.7(6) Mn-C7 210.9(5) C4-H1 67(5)

Rh-Cl4 225.5(5) Mn-C8 211.2(4) C4-H2 78(5)

cto-c1t 135.1(8) Mn-C9 214.3(5) P -C15 185.8(3)
c11-c12 138.6(9) c3-C4 129.4(6) P -C18 187.0(4)
c12-c13 140.6(9) P -C21 186.2(4)
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Table 2. Selected bond angles (°) in 6 with estimated standard

deviations

Mn-Rh-P 107.34(2) Rh-Mn-C3 50.8(1) Mn-C3-C4 144.2(3)
Mn-Rh-C1 32.901) C1-Mn-C2 93.6(2) Rh-C3-C4 129.6(3)
Hn-Rh-C3 45.2(1) C1-Mn-C3 106.0(1)  H1-C4-H2 118(6)

P -Rh-C1 96.4(1) C2-Mn-C3 94.5(1) Mn-C2-02 172.2(3)
P -Rh-C3 96.8(1) Rh-C1-Mn 81.6(1) Rh-P-C15 120.2(1)
C1-Rh-C3 86.8(1) Mn-C1-01 153.8(3) Rh-P-C18 114.9(1)
Rh-Mn-C1 55.6(1) Rh-C1-01 123.4(3) Rh-P-C21 109.7(1)
Rh-Mn-C2 107.8(1) Rh-C3-Mn 84.6(1)

Table 3. Selected bond distances (pm) in 11 with estimated standard

deviations
Rh-Fe 260.4(1) c9-cl10 141.2(6) Fe-C5 193.6(3)
Rh-P 233.6(1) clo-c11 138.6(5) c1-01 117.6(4)
Rh-C1 214.1(3) C11-C12  143.4(5) C2-02 114.5(5)
Rh-C5 201.1(3) C12-C13  139.2(6) c3-03 113.6(6)
Rh-C9 225.0(4) c13-c9 142.1(6) C4-04 114.3(6)
Rh-C10 228.9(4) Fe-C1 184.2(3) C5-C50 132.0(5)
Rh-C11 225.0(4) Fe-C2 180.8(4) P-C6 186.6(3)
Rh-C12 223.7(3) Fe-C3 179.1(4) P-C7 186.4(3)
Rh-C13 225.9(3) Fe-C4 175.9(4) P-C8 187.0(3)

Table 4. Selected bond angles (°) in 11 with estimated standard

deviations
Fe-Rh-P 107.7(1) Rh-Fe-Cé 120.9(1) C4-Fe-C5 87.1(2)
Fe-Rh-C1 44.4(1) Rh-Fe-C5 50.0(1) Rh-C1-01 128.2(3)
Fe-Rh-CS 47.5(1) C1-Fe-C2Z 141.0(2) Rh-C5-C50 135.3(3)
P-Rh-C? 86.9(1) C1-Fe-C3 86.5(2) Fe-C5-C50 141.0(3)
P-Rh-C5 91.0(1) C1-Fe-Cé 104.5(2) Fe-C1-01 150.0(3)
C1-Rh-C5 85.1(1) C1-Fe-C5 96.0(1) Fe-C2-02 178.4 (4)
Rh-C1-Fe 81.3(1) C2-Fe-C3 91.5(2) Fe-C3-03 177.9(4)
Rh-C5-Fe 82.5(1) C2-Fe-Cb 114.4(2) Fe-C4-04 177.5(4)
Rh-Fe-Cl 54.4(1) C2-Fe-C5 82.5(1) Rh-P-C6 112.6 (1)
Rh-Fe-C2 99.6(1) C3-Fe-Cb 98.7(2) Rh-P-C7 114.7(1)
Rh-Fe-C3 128.4(1) C3-Fe-C5 173.0(2) Rh-P-C8 115.2(1)

equally divided between the two metals and the electrons of
the metal-metal bond not considered for electron counting,
the rhodium has 18 and the manganese or iron 16 electrons
in the valence shell. This means that one side of the molecule
is two electrons short which is probably compensated by a
donor bond from rhodium to manganese or iron. MO cal-
culations on the model compounds [CsHs(PH;Rh(u-
CO0),CoC;Hjs] and [CsMe{CO)Rh(p-CO),Cr(CO)C¢Hg] are
in good agreement with this hypothesis as they indicate that
the C;HsCo(CO), and CsHCr(CO); moieties are excellent
n-acid ligands for the electron-rich [CsRs(L)Rh]
fragments”. We note that other structurally similar dinu-
clear homo- and heterometallic complexes with an [18 +
16]-electron configuration are already known, prominent
examples besides 8—10 (Scheme 3), [C;Mes(CO)Rh-
(1-CO),Mn(CO)C;sH;]?®, and {CsMe(CO)Rh(u-CO),Cr(CO)-
C¢H¢l'" being [CsHs(PPh;)Rh(n-CO),RhCsH 1, [CsMe;s-
(P(OMe);)Rh(u-CO),RhCsMes]*!, [CsHMe(PMe,Ph)Co(u-

Chem. Ber. 121, 1565—1573 (1988)
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CO),CoC;HMel*?, and [CsHs(PMe;)Co(pu-CS);CoCsHs)*.
It should be mentioned that in contrast to 11 the man-
ganese-iron compound 21 described by Kolobova et al.’®
does not contain a CO bridge which could be due to the
fact that two monodentate ligands (CO) are bound to the
manganese atom in 21 but only one PiPr; to the rhodium
atom in 11.

[CsH{(CO),Mn(u-C = CHCO,Me)Fe(CO),] 21

The vinylidene C=C distances in 6 and 11 lie in the range
129 —135 pm observed for several other vinylidene-bridged
complexes® 820242634 The Mn — pu-C(CH,) bond length in 6
[190.1(3) pm] is significantly shorter than that found in
the symmetrical compound [CsHs(CO),Mn],(p-C=CH,)
[197.9(7) pm]*® which might be a consequence of the un-
equal electron distribution in the central RhC,Mn fragment.
Accordingly, the Rh— u-C(CH,) distance in 6 [205.6(3) pm]
is somewhat longer than the distance found in
[CoHACO)Rh](n-C=CH,) [198.2(3) and 198.8(3) pm]*®
and [CsMes{(CO)Rh],(ui-C=CMe,) [197.8(1) and 204.3(1)
pm]*. The two hydrogens of the C=CH, bridge in 6 do
not lie in the [Rh,C3,Mn] plane; the dihedral angle between
the [Rh,C3,Mn] and [C4,H1,H2] planes is 11.1°. A similar
observation has already been made for [CoH/(CO)Rh],(p-
C=CH,)"® and other C=CH,-bridged derivatives®. Fi-
nally it should be pointed out that the cyclopentadienyl
ligands in 6 are in a cis relationship which is in contrast to
the related rhodium-manganese complex [CsMes(CO)Rh(u-
CO),Mn(CO)C;sHs] where the two rings are trans to each
other®, The sterically demanding PiPr; ligand in 6 may be
the source of this feature.

The molecular structure of the trinuclear complex 14 is
shown in Figure 3. The three metal atoms define an open
triangle which is bridged by the C=CH, unit. The a-carbon
atom of the vinylidene (C12 in A and C22 in B) is 6-bound
to the two irons and n-bound to rhodium, and thus a similar
coordination of the vinylidene as that found in [Co,Ru-
(CO)s(u;-C=CHR)] (R = tBu)*? is present. The Fe—p-
C(CH,) distances [185.8(6) and 192.7(8) pm in A, and

Figure 3. Perspective drawing of 14 with the numbering of atoms

corresponding to Tables 5 and 6. 14 crystallizes with two inde-

pendent molecules, A and B, in the asymmetric unit. Only the struc-
ture of one molecule is shown
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186.9(8) and 193.2(6) pm in B] are comparable to the cor-
responding Fe — C bond length in 11. Owing to the 26 + =)
coordination, the vinylidene C=C distance [136.5(10) pm
in A and 135.9(10) pm in B] is somewhat longer than that
found in 6 [129.4(6) pm], 11 [132.0(5) pm], and in the mono-
nuclear complex 3 [129.5(2) pm]?.

The iron-rhodium bond length in 14 [259.5(1) pm in A
and 259.7(1) pm in B] is nearly identical to the Fe—Rh
distances found in [(CsH:);Rh,Fe)(CO)] (22) and
[CsHsRhFey(CO),1](23). These two clusters which have been
prepared from CsHs;Rh(CO), and Fe(CO),* contain a te-
trahedral metal core with Fe —Rh linkages of 257.0(5) and
259.8(5) pm in 22 and 259.2 pm (mean value) in 23°¢*, The
Fe—Fe bond lengths in 22 and 23 range from 253.9(7) to
259.4(3) pm and thus differ only slightly from the Fe—Fe
distance found in 14 (see Table 5).

Table 5. Selected bond distances (pm) in 14 with estimated standard

deviations

Rh1 -Fell 259.5(1) Fel2-C12 192.7(8) cit -ci12 136.5(10)
Rh1 -P1 232.5(2) Fel2-C13 187.3(7) c13 -013 116.3(10)
Rh1 -C11 221.9(6) Fel2-C18 176.6(8) ci4 -014 116.3(11)
Rh1 -C12 218.3(6) Fel2-C120 209.1(18)  C15 -015 112.9(9)
Rh1 -Cl4 215.2(8) Fel2-C121 209.4(18) €16 -016 14.1(10)
Rh1 -C15 185.3(7) Fel2-c122 206.5(10) c17 -017 111.6(11)
Fell-Fel2 255.8(1) Fel2-c123 205.5(17)  c18 -018 111.8(10)
Fell-C12 185.8(6) Fel2-C124 206.9(19)  c120-C12? 133(3)
Fell-C13 204.6(9) P1 -cl01 184.4(11)  ci21-c122 133(2)
Fell-Cl4 183.8(9) P1  -C102 184.7(11)  c122-C123 133(2)
Fell-C16 178.9(8) Pt -c103 182.0(11)  c123-c124 136(3)
Fell-C17 177.6(8) C124-C120 137(2)
Rh2 -Fe21 259.7(1) Fe22-C22 193.2(6) c21 -c22 135.9(10)
Rh2 -P2 232.2(2) Fe22-C23 186.3(10) c23 -023 117.4(11)
Rh2 -Cc21 221.2(8) Fe22-C28 175.4(11) C24 -024 116.2(10)
Rh2 -C22 216.6(8) Fe22-C220 208.2(17)  c25 -025 112.2(12)
Rh2 -C24 216.8(8) Fe22-C221 211.3(11)  C26 -026 114.9(13)
Rh2 -C25 184.7(9) Fe22-C222 209.0(11) c27 -027 113.6(11)
Fe21-Fe22 255.2(2) Fe22-C223 208.5(16)  c28 -028 112.8(13)
Fe21-C22 186.9(8) Fe22-C224 205.4(17)  c220-c221 134(3)
Fe21-C23 204.3(9) P2 -C201 181.9(23) c221-c222 133(2)
Fe21-C24 184.6(9) P2 -C202 178.8(23) €222-c223 139(2)
Fe21-C26 179.2(10) P2 -C203 187.1(19) €223-C224 136(3)
Fe21-C27 177.5(9) C224-C220 137(3)

The terminal and bridging M —CO distances in the tri-
nuclear complex 14 are in agreement with expected values*®,
It is interesting to note that although the coordination
spheres of the rhodium and the central iron atom (Fell or
Fe21) in 14 are not comparable to those in 11, the Fe—C
and Rh—C bond lengths and the Rh—C —Fe angle for the
Rh(p-CO)Fe fragment of the two compounds are nearly the
same. Owing to the difference of ca. 32° between the angles
Fe—C—O and Rh—C—O in 14 (Table 6), the carbonyl
group C14—014 in A and C24—024 in B is more .semi-
bridging than unsymmetrical in character®®. There is a sig-
nificant increase of the Rh —u-C(CH,) distance in 14 com-
pared to 11 which is a consequence of the additional linkage
of the vinylidene a-carbon atom C12 or C22 to the Fe-
(CO)CsH; unit.
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Table 6. Selected bond angles (°) in 14 with estimated standard

deviations
Fell-Rh1 -P1 164.7(1) C12 -Fel2-C13 97.8(3) Fell-Fel2-Ci3 52.3(3)
P! -RhY -CcN1 93.2(2) C12 -Fel2-C18 86.1(3) Fel1-Fel2-C18 95.1(3)
P! -Rh} -C12 128.3(2) Rh1 -C11 -C12 70.5(4) C13 -Fel2-C18 91.1(3)
Fell-Rh!1 -Cl4 44.6(2) Fell-Rh1 -C11 76.7(2) Rh1 -C12 -Fell 79.5(2)
Cit -Rht -C14 86.2(3) Fell-Rh1 -C12 44.7(2)  Rh1 -C12 -Fel2 116.8(3)
Fell-Rh1 -C15 95.3(2)  C1t -Rh1 -C12 36.1(3) RMl -Ct2 -C11 73.604)
cit -Rht -C15 171.8(3)  C12 -Rn! -Cl4 76.0(3)  Fel2-C12 -c11 137.4(5)
Cl4 -Rhl1 -C15 89.1(3) C12 -Rht -C15 135.9(3) Fell1-C13 -013 135.4(6)
Rh1 -Felt-C12 55.8(2)  Rh1 -Fell-Fel2 85.6(1)  Rh1 -Cl4 -Fell 80.7(3)
Rh1 -Fel1-C13 123.1(2) Fel2-Fell-C12 48.6(2) Fell-Cl4 -014 155.9(7)
C12 -Fett-C13 94.2(3) Fel2-Fell1-C13 46.4(2) Fel1-C16 -016 178.8(9)
Fel2-Fell-Cl4 136.2(2) Rh1 -Fell-Cl4 56.9(3) Fel2-C18 -018 177.9(8)
C13 -Fell-Cl4 172.7(3) C12 -Fell-Cl4 89.8(3) Fell-C12 -Fel2 85.0(3)
Fel2-Fell1-C16 119.1(3) Rh1 -Fell-C16 101.6(2) Fell1-C12 -cl1 136.7(6)
C13 -Fell-Cl16 83.7(4) C12 -Fell-Ct6 151.1(3) Fel1-C13 -Fel2 81.3(3)
Rht -Fell-C17 141.3(3)  C14 -Fell-Cl16 89.8(4) Fel2-C13 -013 143.3(7)
€12 —Fell-C17 105.0(3)  Fel2-Fell-Cl7 106.4(3) Rhl -Cl4 -014 123.4(6)
cl4 -Fett-Ci7 96.4(4)  C13 —Fell-Ct7 88.5(4)  Rh1 -C15 -015 178.3(7)
Fell-Fel12-C12 46.3(2)  C16 -Fell-C17 103.8(4) Fell-C17 -017 177.7(9)
Fe21-Rh2 -P2 165.501) €22 -Fe22-C23 97.9(3) Fe21-Fe22-C23 52.4(3)
P2 -Rh2 -C2! 93.4(2) C22 -Fe22-C28 86.4(3) Fe2l-Fe22-C28 97.1(3)
P2 -Rh2 -C22 128.5(2) Rh2 -C21 -c22 70.7(4) €23 -Fe22-C28 91.1(4)
Fe21-Rh2 -C24 44.4(2) Fe21-Rh2 -C21 77.0(2) Rh2 -C22 -Fe2! 79.7(3)
C21 -Rh2 -C24 86.4(3) Fe21-Rh2 -C22 45.1(2) Rh2 -C22 -Fe22 114.2(3)
Fe21-Rh2 -C25 95.5(3) €21 -Rh2 -C22 36.2(3) Rh2 -C22 -C21 73.8(5)
C21 -Rh2 -C25 171.6(3) €22 -Rh2 -C24 74.3(3) Fel2-C22 -C2% 137.4(6)
C24 -Rh2 -C25 90.8(4) €22 -Rh2 -C25 135.5(3> Fe21-C23 -023 135.4(8)
Rh2 -Fe21-C22 55.2(2) Rh2 -Fe21-Fe22 83.9(1) Rh2 -C24 -Fe21 80.2(3)
Rh2 -Fe21-C23 122.3(3) Fe22-Fe21-C22 48.9(2) Fe21-C24 -024 155.5(7)
C22 -Fe21-C23 93.9(4) Fe22-Fe21-C23 46.2(3)  Fe21-C26 -026 177.0(8)
Fe22-Fe21-C24 135.5(3) Rh2 -Fe21-C24 55.4(2) Fe22-C28 -028 177.6(9)
€23 -Fe21-C24 172.9(4) C22 -Fe21-C24 89.6(3) Fe21-C22 -Fe22 84.3(3)
Fe22-Fe21-C26 117.7(3) Rh2 -Fe21-C26 102.1(3) Fe21-C22 -C21 137.0(6)
C23 -Fe21-C26 83.6(4) C22 -Fe21-C26 150.9(3) Fe21-C23 -Fe22 81.5(4)
Rh2 -Fe21-C27 142.4(3) C24 -Fe21-C26 90.3(4) Fe22-C23 -023 143.2(8)
C22 -Fe21-.C27 105.7(4) Fe22-Fe21-C27 107.9(4) Rh2 -C246 -024 124.3(6)
c24 ;FEZI—CZ7 97.1(4) C23 -Fe21-C27 87.9(4) Rh2 -C25 -025 175.6(8)
Fe21-Fe22-C22 46.8(2) C26 -Fe21-C27 103.2(4) Fe2t-C27 -027 178.9(10)
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Experimental

All operations were carried out under either purified nitrogen
or argon. The starting materials 1-3%, CH,Cr(CO),*,
CsHsMn(CO)(THF)*, Fe,(CO),*", and PiPr;*? were prepared by
published procedures. Melting points were measured by DTA.

Preparation of [Cs;H(PiPr;)Rh(u-CO)(u-C=CH,)Cr(CO)-
CsH,] (4): A solution of 450 mg (1.27 mmol) of 1 in 10 ml of benzene
was treated with 272 mg (1.27 mmol) of C;H¢Cr(CO); and irradiated
at room temperature for 4 h with a mercury lamp Philips HPK
125 W. After the solvent and other volatile substances were removed
in vacuo, a red oily residue remained which was dissolved in 10 ml
of benzene and chromatographed on Al,O; (Woelm, neutral, activ-
ity grade III). With benzene as solvent a yellow fraction was eluted
which proved by IR and 'H NMR to contain C¢H¢Cr(CO),(PiPr3)
(5). With THF a red fraction was obtained which was brought to
dryness in vacuo. The residue was recrystallized from THF/pentane
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(1:3) to give deep red, air-sensitive crystals. Yield 206 mg (30%);
m.p. 93°C (dec.). — IR (C¢Hg): V(CO) 1850, 1770 cm !, — 'H NMR
(C¢Ds, 100 MHz): 8 = 6.70 (dd), J(HH) = 7.0, J(RhH) = 2.5 Hz
[CH,, 1 H cis to Rh]; 6.50 (ddd), J(HH) = 7.0, J(RhH) = 3.5, J(PH)
= 1.2 Hz [CH,, 1 H trans to Rh]; 5.18 (dd), J(PH) = 1.2, J(RhH)
= 0.4 Hz [CsHs]; 1.96 (m) [PCH]J; 1.26 (dd), J(PH) = 13.2, J(HH)
= 7.0 Hz and 1.05(dd), J(PH) = 12.8, J(HH) = 7.0 Hz [PCHCH,].
— P NMR (C¢Ds, 90 MHz): 5 = 48.32 (d), J(RhP) = 195.0 Hz.
— BC NMR (CDs, 400 MHz): § = 285.0 (d), J(RhC) = 36.1 Hz
[C=CH,]; 259.0 (s) [u-CO]J; 2459 (s) [COJ; 1203 (s) [C=CH,];
97.7 (s) [CeHs]; 91.5 (s) [CsHs]; 27.3 (d), J(PC) = 17.6 Hz [PCH];
20.85 (s) and 20.1 (s) [PCHCH;].
C,H:CrO,PRh (540.4) Calcd. C 53.34 H 6.34 Rh 19.04
Found C 53.65 H 6.57 Rh 18.65
M, = 514 (osmometry in benzene)

Preparation of C;H,Cr(CO),(PiPr;) (5): A solution of 252.5 mg
(1.18 mmol) of CsgH¢Cr(CO); in 10 m] of benzene was treated with
0.26 ml (1.3 mmol) of PiPr; and irradiated at room temperature for
6 h with a mercury lamp Philips HPK 125 W. After the solvent
and excess phosphane were removed in vacuo the residue was re-
peatedly washed with pentane and recrystallized from THF/pen-
tane (+25 to —78°C) to give a yellow, moderately air-stable solid.
Yield 302 mg (74%);, m.p. 92°C (dec.). — IR (THF): (CO) 1881,
1827 cm~'. — 'H NMR (C¢Ds, 60 MHz): § = 4.45 (d), J(PH) =
1.8 Hz [C¢H,]; 1.82 (m) [PCH]J; 1.03 (dd), J(PH) = 12.3, J(HH) =
6.5 Hz [PCHCH;]. — *'P NMR (C¢D¢, 90 MHz): & = 92.44 (s).

Cy7;H;CrO,P (346.4) Caled. C 5895 H 7.86
Found C 59.12 H 8.10

Preparation of [Cs;Hs(PiPr;)Rh(u-CO)(u-C=CH,)Mn(CO)-
C;H; (6): A solution of 396.5 mg (1.12 mmol) of 1 in 10 ml of benzene
was treated with a solution of 3174 mg (1.30 mmol) of
CsHsMn(CO)(THF) in 5 ml of tetrahydrofuran and stirred for 2 h
at room temperature. After the solvent and other volatile substances
were removed in vacuo a red oily residue remained which was
dissolved in 5 ml of hexane and chromatographed on AlLO,
(Woelm, neutral, activity grade V). With hexane as solvent some as
yet unidentified side products were separated. Subsequent elution
with benzene gave a red fraction which was brought to dryness in
vacuo. The residue was recrystallized from THF/pentane (1:2) to
give deep red, moderately air-stable crystals. Yield 130 mg (22%);
m.p. 129°C (dec). — IR (THF). {CO) 1895, 1800 cm~'. — 'H
NMR (C¢Ds, 100 MHz): § = 6.55 (ddd), J(HH) = 7.3, J(RhH) =
3.2, J(PH) = 1.0 Hz [CH,, 1H trans to Rh]; 6.45 (dd), J(HH) =
7.3, J(RhH) = 2.7 Hz [CH,, 1H cis to Rh]; 5.06 (d), J(PH) = 1.0
Hz [CsHRh]; 4.33 (s) [CsHsMn]; 1.95 (m) [PCH]; 1.23 (dd), J(PH)
= 13.5, J(HH) = 7.0 Hz and 0.98 (dd), J(PH) = 13.0, J(HH) =
7.0 Hz [PCHCH;]. — *'P NMR (C,D¢, 90 MHz): § = 48.18 (d),
J(RhP) = 189.0 Hz. — "*C NMR (C¢Ds, 400 MHz): 8 = 278.9 (d),
J(RhC) = 33.3 Hz [C=CH;]; 2509 (s) [p-CO]; 2349 (s) [COJ;
121.5 (s) [C = CH,]; 91.05 (s) and 88.1 (s) [both CsH;]; 26.92 (d),
J(PC) = 20.5 Hz [PCH]; 20.85 (s) and 20.1 (s) [PCHCH,].

C;H;sMnO,PRh (530.3) Caled. C 5209 H 6.27
Found C 5220 H 6.39
M, = 530 (MS)

Preparation of [CsHs(PiPr;)Rh(u-CO)(u-CCH;)Mn(CO)-
C;HJPF, (7). A solution of 200 mg (0.38 mmol) of 6 in 100 ml of
ether was treated dropwise with a solution of HBF, in ether (ca.
50%) until the formation of a dark blue precipitate was completed.
The precipitate was repeatedly washed with ether and dissolved in
ca. 10 ml of methanol. After an excess of NH,PF was added to the
methanol solution, the reaction mixture was stirred for 2.5 h at
room temperature and then stored for 2 h at —78°C. A dark blue
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powder was formed which was separated from the mother liquor,
repeatedly washed with small amounts of cold water and acetone,
and dried in high vacuo. Yield 174 mg (68%); dec. temp. 153°C. —
IR (Nujol):: v(CO) 1963, 1855; V(PF¢) 840 cm~'. — 'H NMR
(CD;NO,, 60 MHz): 6 = 5.78 (dd), J(PH) = 1.2, J(RhH) = 04
Hz [CsHsRh]; 5.16 (s) [CsHsMn]; 4.46 (s, br) [CCH,]; 2.20 (m)
[PCH]; 1.39 (dd), J(PH) = 144, J(HH) = 6.8 Hz and 1.27 (dd),
J(PH) = 144, J(HH) = 6.6 Hz[PCHCH,]. — *'P NMR (CD;NO,,
90 MHz): 6 = 50.17 (d), J(RhP) = 171.2 Hz [PiPr;]; 145.51 (sept),
J(PF) = 707.1 Hz [PF,]. — '*C NMR (CD;NO,, 400 MHz): § =
452.75 (m) [p-CJ; 243.2 (m) [n-CO]; 228.6 (s, br) [CO]; 95.9 (s) and
93.1 (s, br) [both CsH;s]; 29.7 (d), J(PC) = 22.8 Hz [PCH]J; 20.3 (s)
and 20.15 (s) [PCHCH;]; signal of CCH, carbon not observed.

C;HyuFeMnO,P,Rh (676.3) Caled. C 40.85 H 5.07 Rh 15.22
Found C 41.01 H 5.27 Rh 15.32

Preparation of [CsH(PiPr;)Rh(u-CO)(u-C=CH,}Fe(CO);]
(11) and [(ps;n'n*-C=CH,)(p-CO).Fe;Rh(CO ) ,(PiPr;)CsH)
(14): A solution of 170 mg (0.48 mmol) of 1 in 20 ml of THF was
treated with 250 mg (0.69 mmol) of Fe,(CO) and stirred for 4 h at
room temperature. After the solvent was removed in vacuo the oily
residue was dissolved in 10 ml of hexane, and the solution was
chromatographed on Al,O; (Woelm, neutral, activity grade V).
With hexane as solvent a first fraction was eluted which contained
small amounts of CsHsRh(CO)(PiPr;)* besides some other uni-
dentified side products. Further elution with hexane/benzene (12:1)
first gave a deep red and subsequently a green fraction both of
which were brought to dryness in vacuo. The dark red residue was
recrystallized from THF /pentane (1:2) to give deep red, moderately
air-stable crystals of 11. The dark green residue was recrystallized
from pentane (+ 25 to —78°C) to give green, fairly air-stable crys-
tals of 14.

11: Yield 95 mg (38%); m.p. 108°C (dec.). — IR (THF): W(CO)
2015, 1945, 1795 cm~!. — 'H NMR (C¢D, 100 MHz): § = 6.66
(ddd), JHH) = 8.3, J(RhH) = 2.7, J(PH) = 2.3 Hz [CH,, 1H
trans to Rh]; 6.34 (ddd), J(HH) = 83, J(RhH) = 2.5, J(PH) = 0.8
Hz [CH,, 1H cis to Rh]; 5.10 (dd), J(PH) = 1.2, J(RhH) =.0.6 Hz
[CsH;]; 2.22 (m) [PCHJ; 0.96 (dd), J(PH) = 14.2, J(HH) = 7.0 Hz
and 0.80 (dd), J(PH) = 13.6, J(HH) = 7.0 Hz [PCHCH,]. — *'P
NMR (C¢D¢, 90 MHz): § = 50.28 (d), J(RhP) = 172.7 Hz. — “C
NMR (C¢Ds, 400 MHz): 8 = 250.6 (d), J(RhC) = 330 Hz
[C=CH,]; 250.5 (d), J(RhC) = 36.8 Hz [u-COJ; 221.9 (s) [CO];
124.7 (s) [C=CH;]; 89.6 (s) [CsHs]; 23.6 (d), J(PC) = 22.2 Hz
[PCH]; 20.0 (s) and 19.9 (s) [PCHCH,].

CyHsFeO,PRh (522.2) Caled. C 46.00 H 5.40
Found C 46.24 H 5.65

M, = 522 (MS)
14: Yield 15 mg (5%); m.p. 157°C (dec.). — IR (THF): W(CO)
2015, 1980 (sh), 1970, 1943, 1850, 1820 cm~'. — 'H NMR (C,D;,

400 MHz): & = 5.13 (m) [ =CH,]; 4.03 (s) [CsHs]; 2.06 (m) [PCH];
1.02 (dd), J(PH) = 14.0, J(HH) = 7.0 Hz and 1.01 (dd), J(PH) =
14.0, J(HH) = 7.0 Hz [PCHCH,].

CyHFe,O4PRh (634.0) Caled. C 41.68 H 445
Found C 41.39 H 4.27
M_ = 606 (osmometry in benzene)

r

Preparation of [CsHs(PiPr;})Rh(p-CO)(u-C=CHMe)Fe(CO),
(12) and [(ps;n'n-C=CHMe)(u-CO),Fe,Rh(CO),(PiPr;)CsH,]
(15): As described for 11/14 starting with 200 mg (0.54 mmol) of 2
and 250 mg (0.69 mmol) of Fe,(CO);. Whereas 12 was obtained
after recrystallization from THF/pentane (1:2) as deep red, mod-
erately air-stable crystals, the green trinuclear complex 15 could
not be isolated in analytically pure state.
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12: Yield 231 mg (80%); m.p. 101°C (dec.). — IR (THF): w(CO)
2015, 1940, 1795 cm~'. — 'H NMR (C;Ds, 100 MHz): & = 6.34
(ddq), J(HH) = 6.5, J(RhH) = 2.2, J(PH) = 0.9 Hz [C=CHMe];
512 (dd), J(PH) = 1.2, J(RhH) = 0.5 Hz [CsH]; 2.24 (dd), J(HH)
= 6.5, J(PH) = 0.6 Hz [C=CHMe]; 2.20 (m) [PCHJ; 0.95 (dd),
J(PH) = 13.6, J(HH) = 7.1 Hz and 0.85 (dd), J(PH) = 13.6, J(HH)
= 7.1 Hz [PCHCH,]. — *'P NMR (C¢Ds, 90 MHz): § = 50.45 (d),
J(RhP) = 172.7 Hz. — 13C NMR (C¢Ds, 400 MHz): 8 = 248.4 (d),
J(RhC) = 33.3 Hz [C=CHMe]; 248.3 (d), J(RhC) = 30.6 Hz [p-
COT; 222.5 (s) [COT; 130.5 (s) [C=CHMe]; 89.6 (s) [CsHs]; 23.7
(), J(PC) = 22.2 Hz [PCH]; 22.4 (s) [C=CHCH,]; 20.1 (s) and
19.85 (s) [PCHCH;].

Cz] H}()FCO.;PRh (5362)

Calcd. C 47.04 H 5.64
Found C 47.50 H 597 M, =536(MS)

15: IR (THF): v(CO) 2010, 1980 (sh), 1960, 1940, 1840, 1826 cm ~'.
— '"H NMR (C4D, 100 MHz): § = 4.23 (s) [CsH;]; 1.96 (d), J(HH)
= 6.0 Hz [C=CHMe]; 1.93 (m) [PCH]; 0.80 (dd), J(PH) = 14.0,
J(HH) = 7.0 Hz and 0.78 (dd), J(PH) = 14.0, J(HH) = 7.0 Hz
[PCHCH,]; signal of C=CHMe proton not exactly located.

Preparation  of  [CsHs(PiPrs)Rh(u-CO)(u-C=CHPh)Fe-
(€O);] (13) and [(u;n'n*-C=CHPh}(u-CO),Fe;,Rh(CO)
(PiPr;)C,;H,] (16): As described for 11/14 starting with 300 mg
(0.69 mmol) of 3 and 300 mg (0.82 mmol) of Fe,(CO)y; reaction time
2 h. The workup procedure was modified insofar as during the
chromatography with hexane as solvent two fractions, the first con-
taining some side products and the second containing the green
trinuclear complex 16, were eluted. As the yield of 16 was very low,
the compound could be characterized only by IR and 'H-NMR
spectroscopy. The main product 13 was eluted with hexane/benzene
(10:1). After removing the solvent the residue was recrystallized
from THF/pentane (1:2) to give deep red, moderately air-stable

crystals.
13: Yield 280 mg (77%); m.p. 106°C (dec.). — IR (THF): (CO)
2015, 1940, 1795 cm~'. — '"H NMR (C,Dg, 100 MHz): § = 7.76

(dd), J(RhH) = 2.8, J(PH) = 0.8 Hz [C=CHPh]; 7.30 (m) [C¢Hs];
5.11 (dd), J(PH) = 1.3, J(RhH) = 0.5 Hz [CsH]; 2.10 (m) [PCH];
0.87 (dd), J(PH) = 13.6, J(HH) = 7.2 Hz and 0.85 (dd), J(PH) =
13.8, J(HH) = 7.2 Hz [PCHCH;]. — *P NMR (C¢Ds, 90 MHz):
§ = 48.93 (d), J(RhP) = 169.7 Hz. — 1°C NMR (C¢Ds, 400 MHz):
& = 238.8 (d), J(RhC) = 32.8 Hz [C=CHPh]J; 238.65 (d), J(RhC)
= 33.3 Hz [p-COJ; 224.4 (m) [COJ; 140.0 (s) [C=CHPh]; 128.4
(s), 128.3 (s), 1254 (s), 125.0 (s) [CeHs]; 90.3 (s) [CsHs]; 23.8 (d),
J(PC) = 24.7 Hz [PCHJ; 203 (s) and 20.0 (s) [PCHCH;].

CyHyFeO,PRh (598.3) Caled. C 52.20 H 5.39 Rh 17.20
Found C 52.56 H 5.55 Rh 17.08

M, = 598 (MS)

16: IR (THF): (CO) 2015, 1970, 1945, 1846, 1825cm~". — 'H
NMR (C¢Dg, 100 MHz): 8 = 7.20 (m) [CsH;]; 4.30 (s) [CsH;]; 1.90
(m) [PCH]J; 096 (dd), J(PH) = 14.0, J(HH) = 7.0 Hz and 0.94
(dd), J(PH) = 140, JHH) = 7.0 Hz [PCHCH,]; signal of
C=CHPh proton not exactly located.

Preparation of the complexes [CsHs(PiPr;)Rh{p-CO)(u-
CCH,R)Fe(CO);]BF,(17—19): A solution of 0.30 mmol of 11, 12,
or 13 in 100 ml of ether was treated dropwise with a solution of
HBF, in ether (ca. 50%) until the formation of a dark brown pre-
cipitate was complete. The precipitate was filtered off, repeatedly
washed with ether, and dried in vacuo. Yield 95—98%. Complex
18 contained some impurities which could not be removed by re-
crystallization and thus no correct analytical values were obtained.
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17: IR (Nujol): (CO) 2070, 1990, 1850; v(BF) 1050 cm~'. — 'H
NMR (CD;NO,, 60 MHz): § = 6.08 (dd), J(PH) = 1.2, J(RhH) =
0.4 Hz [CsHs); 3.82 (m) [1-CCH;]; 2.22 (m) [PCH; 1.38 (dd), J(PH)
= 14.6; J(HH) = 6.8 Hz and 1.28 (dd), J(PH) = 15.3, J(HH) =
6.8 Hz [PCHCH;). — P NMR (CD;NO,, 90 MHz): § = 49.10
(d), J(RhP) = 157.8 Hz.

C1Hy,BF,FeO,PRh (610.0) Calcd. C 39.38 H 4.81

Found C 39.12 H 4.45

18: IR (Nujol): v(CO) 2060 cm !, 1990, 1835; v(BF,) 1050. — 'H
NMR (CD;NO,, 60 MHz): 8 = 6.03 (dd), J(PH) = 1.0, J(RhH) =
0.4 Hz [CsHs); 3.75 (m) [p-CCH,CH;); 2.23 (m) [PCH]; 1.80 (1),
J(HH) = 7.2 Hz [u-CCH,CH;]; 1.37 (dd), J(PH) = 14.8, J(HH)
= 6.8 Hzand 1.28 (dd), J(PH) = 15.0,J(HH) = 6.8 Hz[PCHCH;].
— 3P NMR (CD;NO,, 90 MHz): § = 4890 (d), J(RhP) =
159.3 Hz.

19: IR (Nujol): v(CO) 2060, 1990, 1830, wWBF,) 1055 cm~'. — 'H
NMR (CD;NO,, 60 MHz): 8 = 7.53 (m) [C¢Hs); 6.00 (d), J(PH)
= (0.8 Hz [CsH5]; 4.90 (m) [u-CCH,Ph]; 2.30 (m) [PCH]; 1.38 (dd),
J(PH) = 15.0, J(HH) = 7.0 Hz and 1.32(dd), J(PH) = 15.3, J(HH)
= 7.0 Hz [PCHCH;/. — P NMR (CD;NO,, 90 MHz): § = 49.02
(d), J(RhP) = 157.8 Hz. — “C NMR (CD;NO,, 268 K, 400 MHz):
& = 416.5 (m) [p-C]; 96.0 (s) [CsHs]; 85.3 (s) [CH,Ph]; 269 (d),
J(PC) = 25.0 Hz [PCH]; 20.4 (s) and 20.2 (s) [PCHCH;]; signals
of CO and phenyl carbons not exactly located due to raising de-
composition during the measurement.

CyH33BFFeO,PRh (686.1) Calcd. C 45.51 H 4.85
Found C 45.37 H 4.65

Preparation of [CsH(PiPr;)Rh(u-C=CHMe)(u-CO)Fe-
(CO),PMe;] (20): A solution of 200 mg (0.34 mmol) of 12 in 30 ml
of benzene was treated with 0.06 ml (0.59 mmol) of PMe; and stirred
for 12 h at room temperature. The solvent and excess phosphane
were removed in vacuo, and the residue was recrystallized from
THF/pentane (1:2) to give deep blue, moderately air-stable crystals.
Yield 169 mg (85%); m.p. 129°C (dec.). — IR (THF): v(CO) 1938,
1877, 1760 cm~'. — 'H NMR (C¢Ds, 60 MHz): 8 = 6.75 (m)

Table 7. Crystallographic data for 6, 11, and 14

crystallographic section

compound [ 11 14

empirical formula CaaHaaMn0aPRA C30H2604PFeRh C;;H;:D.PRhFez

a [pm] 1604.4(6) 1264.2(4) 1405.7(4)

b {pm] 843.3(3) 1817.8(8) 1726.1(4)

c [pm] 1677.0{7) 959.5(2) 1104.6(3)

a [deg] 90 90 87.81(2)

8 [deg] 101.94(3) 95.94(2) 92.49(2)

vy (deg] 90 90 106.71(2)

¥ [pm3x10-¢] 2220(2}) 2193(1) 2563.5(7)

2 4 4 4

d{caled) [gxcm2?] 1.587 1.581 1.723

crystal system monoclinic monoclinic triclinic

space group P2./c P24/n Pl

data collection

diffractometer Syntex P2, Syntex P3 Syntex P3

radiation MoKa

monochromator graphite

crystal size [mm) 0.3 x0.4 x0.4 0.5 x0.8x0.2 0.35 x0.5x0.25

data collection mode w-scan

theta range [deg) 2.5 - 25.0 1.75 - 27.5 1.75 - 2715

recip. latt. segment h=0-19 h=0-16 h=0-18
k=10-10 k=0-23 k=22-21
1=20-19 1= -12 1=T-14

no. refl. measd. 3899 4939 8708

no. unigue refl. 3531 4669 8708

no. refl. F>3a(F) 3531 4465 7902

Tin. abs. coeff. [em—*] 14.10 14.81 18.90

abs. correction y-scan

structural analysis and refinement

solution by Patterson synthesis direct methods Patterson synthesis
method of refinement anisotropic block diagonal least squares;

hydrogen positions were calculated and considered isotropically
parameter/Fo ratio 0.u/3 055
R, Rw 0.026, 0.029
program used SHELXTL

. 0.070
0.032, 0.033 0.054, 0.054

H. Werner, F. J. Garcia Alonso, H. Otto, K. Peters, H. G. von Schnering

[C=CHMe]; 540 (dd), J(PH) = 1.5, J(RhH) = 0.6 Hz [CsH;];
2.50 (d), J(HH) = 6.5 Hz [C=CHMe]; 2.26 (m) [PCH]; 1.40 (d),
J(PH) = 9.3 Hz [PMe,]; 1.06 (dd), J(PH) = 13.5, J(HH) = 7.3
Hz and 1.04 (dd), J(PH) = 13.8, J(HH) = 7.3 Hz [PCHCH;).
Cy;HyFeO;P,Rh (584.3) Caled. C 47.45 H 6.73

Found C 47.57 H 6.84 M, = 584(MS)

X-Ray Structural Analyses of 6, 11, and 14: Special X-ray oper-
ations and results are listed in Table 7 and special bond lengths
and angles in Tables 1 —6. Further details of the crystal structure
investigations including tables with the final positional parameters
are available on request from the Fachinformationszentrum Energie
Physik Mathematik GmbH, D-7514 Eggenstein-Leopoldshafen 2,
on quoting the depository number CSD 51388, the names of the
authors, and the journal citation.
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