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Thermolysis of [1-(3-butenyl)-2,3,4,5-tetramethylcyclopenta-
dienyljcarbonyldiiodocobalt, (n*-CsMe,CH,CH,CH = CH,)-
Co(CO)I; (2}, in boiling octane affords the dimeric diiodide
[(m*-CsMe,CH,CH,CH = CH,)Col,), (3) without any interfer-
ence of the 3-butenyl chain with the cobalt center. 2 reacts
with various two-electron ligands L [ = P(OMe);, P(OPh),,
PPh;, PMe;, PMe,Ph, tBulNC] to give a series of cobalt(III) com-

plexes of the general formulae (n®-CsMe,CH,CH,CH=
CH,)Co(L)I; {4—9). Sodium amalgam reduction of these “open-
chain” complexes 4—9 yields novel cobalt(l) complexes con-
taining an intramolecularly coordinated C=C bond (n%:n?*-
CsMe,CH,CH,CH = CH,)Co(L). For L = CO (12}, P(OMe); (13),
and P(OPhj; (14) low-melting crystals are isolated and fully
characterized by analytical and spectroscopic methods.

The 16-electron (cyclopentadienyl)cobalt fragment
CpCoL (Cp = n*-CHs; L = two-electron donor) has
played an important role in the mechanistic elucidation of
several fundamental organometallic transformations such as
ligand substitution?, olefin insertion into a metal-alkyl
bond ", and alkyne trimerization®. Thorough extended
Hiickel calculations have provided in addition useful in-
sights into the electronic and geometric structure of this
coordinatively unsaturated intermediate®. Thus, CpCoL of-
fers a soluble “inorganic template” where cobalt-centered
reactions of organic substrates can be performed in a well-
defined, electronically and sterically tunable ligand sphere.
However, complication might arise from uncontrolled par-
ticipation and/or dissociation of L. Recently, we have
designed a new peralkylated cyclopentadienyl ligand that
contains a pendent 3-butenyl side chain, viz. CsMeg-
(CH,CH,CH=CH,H®, Cobalt half-sandwich complexes
bearing this ligand are expected firstly to enable the study
of cobalt-olefin interaction in an intramolecular manner
within a geometrically constrained ligand environment” and
secondly to open access to a conformationally relatively
rigid, 16-electron intermediate where the 3-butenyl chain
remains coordinated at the cobalt center by virtue of the
chelate effect®. In this paper we disclose details of the syn-
thesis and characterization of several half-sandwich cobalt
complexes containing an intramolecularly coordinated
C=C bond. A part of this work has been reported pre-
viously .

Results and Discussion

We have previously found methods to cleanly coordinate
the 1-(3-butenyl)-2,3,4,5-tetramethylcyclopentadienyl ligand
to the cobalt center using Co(CO), “¥. The general strategy

to effect intramolecular coordination of the olefinic bond of
the 3-butenyl side chain within a given complex consists of
generating a coordinatively unsaturated metal center under
mild conditions. We first started probing the coordination
capability of the cobalt(IIT) center before proceeding to the
lower valence states.

Oxidation of the readily available dicarbonyl (n’-
CsMe,CH,CH,CH = CH,)Co(CO), (1) with elemental io-
dine in ether affords in high yields the diiodocarbonyl com-
plex (n°>-CsMe,CH,CH,CH = CH,)Co(CO)I, (2) as fairly air-
stable, dark violet crystals (Eq. 1).

/CO .l CO1i, 1
C \C — oc [}
% (o}
- co (1
1 2

In accord with the overall C; symmetry of the molecule
the four ring methyl groups appear as a pair of sharp singlets
at 6 = 1.68 and 1.78, and the 3-butenyl group gives rise to
an AA’BB’KLM spin system pattern in the "H-NMR spec-
trum. The AA’BB’ part due to the aliphatic segment of the
side chain consists of two multiplets at & = 1.64 and 2.34.
The latter exhibiting a triplet-like appearance is assigned to
1-H, while the former is due to 2-H. The three signals of the
vinyl part, two close doublets for each of =CH(trans) and
=CH(cis) and a multiplet consisting of ten lines for the
methine proton, are centered at & = 4.80 and 5.39, respec-
tively. All coupling constants are within the range of values
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as expected for a flexible homoallyl group [J(AA") = J(BB’)
= 15, J(AB") = J(A'B) = 7, J;s = 10, Jipuns = 17, Jgen =
0 Hz] and have been verified by spectra simulation. The
BC-NMR spectroscopic data are also fully consistent with
the structure required. The IR spectrum (KBr) shows an
intense VCQO) band at 2041 and a weak absorption for
v(C=C) at 1640 cm~'. In the solution IR spectrum the
VWCO) band appears at 2055 cm ' and is comparable to
values reported for the v(CO) absorption in related
cobalt(I1I) complexes of the type (n*-CsRs)Co(CO)L, . Like-
wise, the carbon monoxide in 2 is easily displaced both in
the solid state, as shown by gradual loss of carbon monoxide
above 85°C acccording to thermogravimetric analysis, and
in solution, where refluxing in high-boiling hydrocarbon
such as octane is sufficient for a quantitative evolution of
carbon monoxide from 2. The product of decarbonylation
is straightforwardly identified as the dimeric diiodide {(n*-
CsMe,CH,CH,CH = CH,)Col,]; (3), which is isolated as
greenish black, pentane-insoluble crystals. NMR spectro-
scopic data are entirely analogous to those of 2, and the IR
spectrum clearly shows an absorption for V(C=C) at
1639 cm~'. Complex 3 is formed exclusively upon decar-
bonylation of 2 regardless of the solvent, concentration, and
temperature applied. Obviously, intermolecular coordina-
tion of bridging iodide at the cobalt(Ill) fragment (n*-
Cs;Me,CH,CH,CH =CH,)Col, is preferred to intramolecu-
lar complexation of the C=C bond of the 3-butenyl side
chain.

The CO ligand in 2 is also displaced by a series of two-
electron donors. While substitution for the less basic ligands

Table 1. 'H-NMR spectroscopic data of 2—11 (3, C¢Ds, 25°C)
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Scheme 1
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Com-

a}
pound CH, 1-H, 2-H,

=CH

=CH,"

LY

2 1.68 2.31 1.64
1.7

3 1.54 2.57 1.64
1.65

4 1.81 2.57 1.80
(d, 2.9)
1.86
d, 2.5)
5 1.88 2.7 1.81
d, 3.0)
196
(, 3.0)
6 1.59 226 1.66
164
7 1.61 2.41 1.77
d, 1.2)
1.68
d, 12
8 1.52 219 1.67
d, 1.8)
1.53
(d, 1.2)
9 1.82 2.57 1.90
1.89
10 1.92 2.67 213
2.03
11 1.35 1.88 1.72
1.65

5.39
537

5.60

5.54

5.46

553

5.48

5.57
5.85

5.60

4.80
4.77

491

4.86

4.82
4.88

481

4.90

4.99
511

4.88

3.52 (d, 9.8, OCH)

6.77, 6.90
7.38 (m, C¢Hy)

6.82, 7.08, 7.92
8.15 (m, CgHs)
153 (d, 10.4)

1.93 (d, 9.8, OCH3)
7.07, 8.01 (m, C¢Hs)

1.00 (s, CCH,)

1.39 (s, CCH,)

A Multiplicity and J(P.C} in Hz given in parentheses. — ™ For fine structures see text.
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Table 2. *C{'H}-NMR spectroscopic data of 2—11 (5, CsDs, 25°C)

Com- . ) C-1 C-3 a)
pound Cfs RingC® e, cq L
2 1105  100.31 2585 13651 20827
11.09 10138 3402 116.18
101.99
3 1131 8979 2639 13698
1159 9054 3317 11561
91.50
4 1119 9563 2603 13756  56.62
(4,37 3399 11551  (d, 8.3, OCH;)
97.11
(d, 4.6)
98.16
5 1137 9635 2627 13735  121.86, 124.92,
1147 (4,37 3398 11560  129.50, 153.31
96.93 (CeHy)
97.65
d, 4.3)
6 1158 9359 2620 13732 129.56, 130.63,
1169 9508 3347 11539  134.95, 136.95,
96.28 (CsHs)
7 1146 9284 2655 13737  20.38
1159 (d,25) 3401 11569  (d,34.2, PCH,)
94.03
(d, 29)
95.86
8 1120 9260 2587 13730  21.92 (PCH),
1130  (d,2.8) 3361 11546 13031, 13041,
94.45 132.64, 135.80,
(d, 2.8) {(CsHy)
95.40
(d, 2.8)
9 1140 9563 2650 13726 2995 (CCH,),
11.51 9650 3414 11573  58.44 (CCH),
97.67 122.60 (CN)
10 1229 10247 2596 13760  30.67 (CCH,),
1262 10259 3390 11659  59.85 (CCH,),
103.35 127.11 (CN)
11 863 9456 2380 13608 —"
891 9545 3529 11478
97.07

» Multiplicity and 2J(P,C) in Hz in parentheses. — ® 3(CO) not
detected.

P(OMe),, P(OPh);, and PPh; can be achieved in refluxing
ether, the small basic ligands PMe;, PMe,Ph, and tBuNC
react with 2 at temperatures as low as — 78 °C. The products
of the substitution reactions 4—9 are isolated as fairly air-
stable, dark green or black crystals and completely char-
acterized by elemental analysis, NMR, IR spectroscopy as
well as mass spectrometry. 'H- and 3C-NMR spectroscopic
data are analogous to those of the parent carbonyl complex
2 and are summarized in Tables 1 and 2. The dramatic
difference in the rate of substitution reflects the common
observation that both dissociative and associative pathways
may be operative depending on the nature of the incoming
ligand L'®, In the case of tBuNC the iodo ligand can also
be displaced to give ionic [(n’-CsMe,CH,CH,CH=
CH,)Co(tBuNC),I)]I (10) as a minor side-product during the
formation of neutral 9. In contrast to the literature report
on the failure to prepare (n°>-CsMes)Co(PPhy)l, 1, we did
not encounter any difficulty in synthesizing 6.

At the beginning of our studies the dicarbonyl 1 appeared
to us as a suitable precursor for the 16-electron fragment

Chem. Ber. 123 (1990) 1641 — 1648

1643

“(n’-CsMe,CH,CH,CH = CH,)Co(CO)” that could be
trapped intramolecularly by the C=C bond of the side
chain. Whereas thermolysis under a variety of conditions
gives only moderate yields of the intensely green dimer [(n°-
CsMe,CH,CH,CH =CH,)Co(u-CO)], (11) [vV(CO) =
1765 cm~"], photolysis of 1 in hexane under rather forcing
conditions results in a mixture that contains besides 11 small
amounts of a new species characterized by a WCO) absorp-
tion at 1959 cm . The dimer can be isolated as air-sensitive
green crystals and is found to be entirely analogous to [(n’-
CsMes)Co(u-CO)], ', i.e. showing no indication for a inter-
action of the C=C bond with the cobalt center. Since iso-
lation of the new compound from these reaction mixtures
proved to be unsuccessful, reductive complexation using
2 as starting material was performed as an alternative

(Scheme 2).
Scheme 2
) ] i \ J N\
(o) OH...._l
C)c/ \co c)C/ \I
] 2
‘ hv l Na/Hg
, l
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C
__COQ/CO——O + /Clo\
\g o° P
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/
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When 2 is treated with a large excess of sodium amalgam
in THF at —50°C, a mixture is obtained that consists of
the novel chelate complex (n’:1*-CsMeCH,CH,CH=
CH,)Co(CO) (12) and the dimer 11 in a 2:1 ratio. The
extremely air-sensitive complex 12 is isolated as highly pen-
tane-soluble brown crystals in moderate yields after careful
chromatography on silica gel at lower temperatures. The
solution IR spectrum exhibits a single sharp absorption at
1959 cm ™" and the solid-state spectrum lacks the w(C=C)
mode. In the EI mass spectrum the molecular ion is detected
with significant intensity, the main fragmentation pattern
being CO elimination from the molecular ion so that the
fragment [(n’:n%-CsMe,CH,CH,CH=CH,)Co]* presum-
ably has some stability. Both 'H- and “C-NMR spectra
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Table 3. '"H-NMR spectroscopic data of 12—15 (3, C¢Ds, 25°C)

Com- 2) _ _ a)
pound CH; 1-H, 2-H, =CH =CH, L

12 1.67 1.29 2.32 3.58 1.87%
1.80 2.92 2.36
1.82
214

13 1.79 1.56 2.53 315 1.62
1.88 2.83 1.78
1.98 3.27
d, 1.8)
2.37 (d, 11.6, OCH3)

14 1.53 143 2.14 3.04 1.84 6.82, 7.02,
1.80 243 2.96 7.37 (m, C¢Hy)
d, 1.2
1.81
1.88

15 1.02 1.56 2.35 3.27 1.67 7.04, 7.66
1.40 1.84 (m, C¢Hy)
2.06
2.57

“ Muitiplicity and J(P,C) in Hz given in parentheses. — ¥ ABCDKLM spin system: J(AB) = —13.6, J(AC) = 1.1, J(AD) = 90,

J(BC) = 5.7, J(BD) = 126, J(CD) = —144, J(DK) = 4.8, J(CK) = 1.1, JKL) = 12.7, JILM) = —0.2, JKM) = 8.7 Hz.

Table 4. *C{'H}-NMR spectroscopic data of 12—14 (3, CsDs,
25°C)

pCO‘:I‘Ea CH, RingC C1 C2 C3 C4 L
12 976 9273 1884 3975 6229 3996 —¥
1086 9565
1131 9756
10032
101.70
13% 1039 8773 1900 4028 5435 3471  49.40
12 9275 (d,30) (d, 67 d,3.7) (d, 6.7) (OCH,)
10.56  94.8
A 24) (4 12
1102 9617
A 12 (d 104)
1099 9844
d, 55
14% 997 8999 1871 3979 5973 3808 120.82,
d,10) 9368 (d.3.9) (d,73) (d 2.5 (d, 59) 12359,
1026 9588 12941,
1085  98.76 152.96
1088 (d, 11.2) (CiHy)
d,20) 9916
d, 5.4)

3 §(CO) not dctected. — ® Multiplicity and "J(P,C) in Hz in
parentheses.

{Tables 3, 4) reveal some dramatic change in their appear-
ance consistent with the reduction of C, to C; symmetry
upon intramolecular coordination of the 3-butenyl side
chain.

Thus, all four ring methyl groups have become mequi-
valent giving rise to four singlets in the 'H-NMR spectrum
as well as four different methyl resonances and five distinct
resonances for the ring carbon atoms in the *C-NMR spec-
trum. While the chemical shift difference between the two
ring-methyl singlets in the open-chain compounds does not
exceed a value of 0.1 ppm (and may be even 0 due to iso-
chrony like in 1®), the difference between the outer most

signals for the methyl groups in 12 is as high as 0.5 ppm.
This is ascribed to the fact that each of the four methyl
groups resides in a significantly different environment
caused by the asymmetry due to the halted rotation of the
five-membered ring ligand about the metal-centroid axis. A
major change is naturally experienced by the 3-butenyl
group of which all the protons are inequivalent and give
rise to a seven-spin system of the type ABCDKLM. First,
each of the three vinyl protons is significantly shifted upfield
as compared to 2, the terminal ¢is and trans protons ap-
pearing as doublets centered at 8 = 2.36 and 1.87, respec-
tively, and the unique methine proton as a multiplet at & =
3.58. The four aliphatic protons exhibit a high-order pattern:
two of them resonate as well-separated multiplets at 8 =
2.32 and 2.92, whereas the two others are detected as a
complex multiplet centered at 8 = 1.29. We assign the latter
signal to 1-H, the protons next to the ring, and the former
to those attached to carbon atom 2. The large chemical
differences are due to the anisotropic effects caused by the
vicinity to the cobalt atom (Figure 1). The connectivity of
the 7 protons and their coupling constants have been es-
tablished by combination of homonuclear decoupling,
'H,'H-, and 'H,"*C-COSY experiments with spectra simu-
lations. The results are summarized in Table 3. Presently,
we are attempting to correlate the conformation with solid
state structural data. A detailed conformational analysis on
an intramolecularly coordinated n': n*pentenyl nickel com-
plex CpNi(CH,CH,CH,CH = CH,) has been performed?.
The above described reduction of a cobalt(ILI) complex
proves to be a general method for the generation of a coor-
dinatively unsaturated intermediate of the type (n’-
CsMe,CH,CH,CH = CH,)CoL that can be intramolecularly
coordinated by the pendent C=C bond. Thus, the open-
chain cobalt(IIl) complexes 4 —9, when treated with sodium
amalgam in THF at lower temperatures, give in each case
the chelate complex. Chelate complexes with PPh, and the

Chem. Ber. 123 (1990) 1641 —1648
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H(A) H(C)
C——¢C H(M)
g —
H(B) H(D) -
H(K) H(L)
H(K) H(D) H(L) H(C) | HM H(A) , H(B)
L W 1
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Figure 1. 400-MHz 'H-NMR spectrum of 12 (8, C¢Ds, 25°C) with assignment of the 3-butenyl substituent and the simulated spectrum
above

strong bases PMe,;, PMe,Ph, and tBuNC are found to be
too thermally labile to be isolated as pure compounds. In
addition, their extreme air-sensitivity and low tendency to
crystallize cause severe restriction to their handling. Un-
ambiguous evidence for their formation, however, is fur-
nished by 'H-NMR spectra taken on freshly prepared sam-
ples showing diagnostic features for the presence of a che-
lating ligand. Interestingly, when the reduction of 6 is
performed with not large enough an excess of amalgam the
paramagnetic cobalt(IT) complex 16 is formed in good yield
and isolated as brown, thermally robuts crystals. Intramo-
lecular C=C bond coordination is excluded since the IR
spectrum shows the presence of a C=C) mode. This type
of cobalt(Il) half-sandwich complexes has previously been
described in some detail for the CsMes series #.

Table 5. *P{'H}-NMR spectroscopic data (5, external H,PO,,
)

CsDs, 25°C
4 135.70 8 11.61
5 121.01 13 176.21
6 30.40 14 147.63
7 6.47 15 69.71

Chem. Ber. 123 (1990) 1641 — 1648

On the other hand, both the phosphite complexes 13 and
14 can be isolated as air-sensitive, pentane-soluble, low-
melting red crystals and are fully characterized by elemental

Scheme 3
COu.
L |
L | P(OMe); P(OPh); PPhg
| 13 14 15
COu. Na/Hg
PhaP l Pth |
6 16
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analysis and by 'H-, *C-, ¥P-NMR and IR spectroscopic
as well as mass spectral methods. Apart from the difference
in the nature of L, IR spectroscopic and mass spectral data
are analogous to those of the carbonyl derivative 12 as are
the very diagnostic overall features of the NMR spectra.
Additional proof for the intramolecular C=C bond coor-
dination at the cobalt center is given by the coupling of all
the *H and *C nuclei of the vinyl fragment with the phos-
phorus atom of the phosphite ligand. A particularly note-
worthy feature in the 'H-NMR spectrum of 13 and 14 is
that the protons of only one of the four ring methyl groups
show a small coupling to the phosphorus atom, while the
five ring carbon atoms show a broad range of values for
2J(P,C) in the PC-NMR spectrum. These observations again
reflect a rather rigid conformation in which the phosphite
ligand is forced to occupy a specific site within the ligand
sphere ',

Pertinent to the reactivity of the chelate complexes of the
above described type is the question about the lability of
the intramolecularly coordinated C=C bond. Ethylene li-
gands in (n*-CsR;5)Co(C,H,), are considered to be the most
labile among conventional two-electron donors, and there-
fore these complexes serve as good sources for the 14-elec-
tron fragment “(CsR5)Co™'®. So far we have not found con-
ditions under which clean substitution of merely the olefinic
ligand is effected. For instance, the triphenylphosphane
complex 15 is directly converted to the dicarbonyl 1 when
treated with CO at low temperatures allowing the conclu-
sion that the olefinic double bond is stabilized to a certain
degree by virtue of the chelate effect. On the other hand,
oxidation of the chelate complexes, e.g. the phosphite com-
plex 14, with elemental iodine quantitatively yields the open-
chain cobalt(IIT) complex 5.

Gencrous financial support by the Stiftung Volkswagenwerk is
gratefully acknowledged. We thank Prof. W. A. Herrmann for his
continued interest, the Bund der Freunde der Technischen Universitdt
Miinchen and the Leonhard-Lorentz-Stiftung for valuable equip-
ment grants, and BASF, Ludwigshafen, for a gift of octacarbonyl-
dicobalt.

Experimental

All cxperiments were carried out under dry nitrogen or argon
using standard Schlenk technique. Solvents were purified, dried, and
distilled undcr nitrogen. (n*-CsMe,CH,CH,CH = CH,)Co(CO), (1)
was preparcd as described in ref.” — 'H NMR: Jeol INM-GX 270
or 400. — TR: Nicolet 5-DX. — MS: Varian 311 A or Finnigan
MAT 90. — Melting points were determined in sealed capillaries.

[n°-1-(3-Butenyl)-2,3 4,5-tetramethylcyclopentadienyl Jcarbony!-
diiodocobalt (2): To a solution of 1 (0.46 g, 1.58 mmol) in 45 mi of
ether was addced dropwise a solution of iodine (0.35 g, 1.38 mmol)
in 25 ml of ether at 0°C and the resulting mixture allowed to warm
up to room temp. All volatile compounds were removed in vacuo,
and the residue was chromatographed on silica gel (column 10 x
1 ¢m). Elution with ether separated a dark violet band which was
collected from a greenish grey band containing traces of decarbon-
ylated 3. Recrystallization from ether/pentane at —30°C gave black
crystals; yield 0.61 g (86%). — IR (CH,Cl: ¥ = 2055cm™!
CO). — IR (KBr): ¥ = 2041 cm~' vs (CO), 1640 w (C=C). — EI-
MS (70 eV): m/z (%) = 516 (1) [M*], 488 (1) [M*T —~ COJ, 361
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(100) [M* — CO — 1], 320 29) [M* — CO — I — GC3Hs], 234
(18) [CoCy3H 5], 233 (45) [CoCisHis]:

Bis/ (n*-1-(3-butenyl)-2,3,4,5-tetramethyicyclopentadienyl }-di-y-
iodo-diiododicobalt (3). A suspension of 2 (2.58 g, 5.0 mmol) in 75 ml
of octane was heated to reflux for 4 h, during which time the mixture
changed its color from dark violet to dark green with concomitant
gas evolution. The solvent was removed in vacuo and the residue
extracted with 3 x 25ml of ether. The extracts were filtered
through a pad of kieselguhr and concentrated to a volume of ca.
15 ml. Cooling to —30°C afforded black microcrystals; yield 2.25 g
(92%). — IR (KBr): ¥ = 1639 w cm~! (C=C). — EI-MS (70 eV).
mfz (%) = 488 (7) [M /2], 361 (100} [M*/2 — I], 320 (18) [M™*/
2 — 1 — C;Hs], 234 (14) [CoCy3Hi3 ], 233 (39) [CoCyHit ]

[ (n*-1-(3-Butenyl)-2,34,5-tetramethylcyclopentadienyl ] diiodo-
(trimethyl phosphite )cobalt (4). A solution of 2 (1.55 g, 3.0 mmol)
in 125 ml of ether was treated with trimethyl phosphite (0.40 g, 3.2
mmol) at room temp. and heated to reflux for 15 h. The dark brown
mixture was filtered through a pad of silica gel, concentrated to a
volume of 15 ml, and cooled to —30°C to give black crystals; yield
143 g (78%). — TR (KBr): v = 1637 wem~' (C=C), 1066 s,
1043 s, 1017 s, 791 s, 772 s, 733 s (POMe). — EI-MS (70 eV). m/z
(%) = 612 (4) [M '], 486 (11) [M* — P(OMe),], 361 (100) [M*
— P(OMe); — I], 234 (16) [CoCy3H;5], 233 (42) [CoCisHE]

[(n*-1-(3-Butenyl)-2,3.4,5-tetramethylcyclopentadienyl ] diiodo-
(triphenyl phosphite )cobalt (5). A solution of 2 (1.55 g, 3.0 mmol)
in 125 ml of ether was trcated with triphenyl phosphite (1.05 g, 3.4
mmol) in a manner analogous to that described for the preparation
of 4 to afford 2.30 g (96%) of lustrous black microcrystals. — IR
(KBr): ¥ = 1639 w em~! (C=C), 1219 s, 1192 vs, 1165 5, 1025 s,
932 vs, 917 vs, 755 vs, — EI-MS (70 eV} m/z (%) = 361 (2)
[M* — P(OPh), ~ I].

[(n’-1-(3-Butenyl)-2,3 4,5-tetramethylcyclopentadienyl }diiodo-
(triphenylphosphane )cobalt (6): To a solution of 2 (1.03 g, 2.0 mmol)
in 75 ml of ether was added triphenylphosphane (0.53 g, 2.0 mmol)
and the mixture heated to reflux for 25 h. The solvent was removed
in vacuo and the greenish black residue chromatographed on silica
gel (column 10 x 2 cm) at room temp. With hexane as an eluent
unreacted triphenylphosphane was eluted. Further elution with
ether/THF (1:2) gave a green band which was collected. The solvent
was evaporated and the residue recrystallized from THF/hexane at
—30°C to give dark green crystals; yield 1.30 g (87%). — IR (KBr):
¥ = 1640 m em~! (C=C). — EI-MS (70 eV): m/z (%) = 361 (1)
[M* — PPh; — IJ, 233 (1) [CoC;H 1.

[(n*-1-(3-Butenyl)-2,3,4,5-tetramethylcyclopentadienyl ] diiodo-
(trimethylphosphane )cobalt (7). To a solution of 2 (0.52 g, 1.0 mmol)
in 50 ml of ether was added at — 78 °C trimethylphosphane (0.08 g,
1.0 mmol). The color of the solution instantaneously changed from
dark violet to brown. The reaction mixture was allowed to warm
up to room temp. over a period of 1 h and then stirred at room
temp. for 1 h. All volatiles were removed under vacuum, the residuc
was washed several times with pentane and dried in vacuo to afford
a black powder; yield 0.52 g (91%). — IR (KBr): ¥ = 1639 m cm ™!
(C=C), 1276 s, 947 vs, 932 vs (PMe;). — EI-MS (70 eV) m/z (%)
= 564 (1) [M*], 488 2) [M ' — PMes], 361 (100) [M* — PMe,
— 1], 234 (15) [CoCy3H ], 233 (39) [CoCy3H k]

[(n*-1-(3-Butenyl)-2,34,5-tetramethylcyclopentadienyl ] (dime-
thylphenylphosphane )diiodocobalt (8): Applying a procedure anal-
ogous to that used for the preparation of 7, we treated 2 (0.52 g,
1.0 mmol) with dimethylphenylphosphane (0.14 g, 1.0 mmol) and
obtained 0.60 g (95%) of a black powder. — IR (KBr): ¥ = 1640
wem™! (C=C). — EI-MS (70 cV): m/z (%) = 488 (1) [M*T —
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PMe,Ph], 361 (100) [M* — PMe,Ph — IJ, 234 (16) [CoC3H 5],
233 (39), [CoC;:HE].

[ (n°-1-(3-Butenyl)-2,3,4,5-tetramethylcyclopentadienyl ] ( tert-bu-
tyl isonitrile )diiodocobalt (9): A solution of 2 (0.52 g, 1.0 mmol) was
treated at —78°C with tert-butyl isonitrile (0.08 g, 1.0 mmol) and
allowed to warm up to room temp. over a period of 1 h during
which time a color change from dark violet to brown occurred. The
reaction mixture was filtered through a pad of silica gel, the dark
brown filtrate concentrated to a few ml, and cooled to —78°C after
the addition of hexane to give lustrous black needles; yield 0.48 g
(84%). — IR (KBr): ¥ = 2188 vs cm™' (CN), 1639 w (C=C). —
EI-MS (70 eV): m/z (%) = 571 (2)[M *],488 (4) [M* — Me,CNC],
444 20) [M* — 1], 361 (100) [M+* — Me;CNC — IJ, 234 (28)
[CoC;3Hi%], 233 (70) [CoCy3Hik].

[n*-1-(3-Butenyl )-2,3 4,5-tetramethylcyclopentadienyl [bis( tert-
butyl isonitrile )iodocobalt lodide (10): The filter bed from the prep-
aration of 9 as described above was extracted with 3 x 10 ml of
THF, the extracts concentrated to 3 ml, followed by addition of
ether (3 ml). Cooling to —78°C afforded a brown solid; yield 40 mg
(12%). — IR (KBr): ¥ = 2200 vs cm~! (CN), 1639 w (C=C). —
FD-MS (THF): m/z = 571 (100) [M* — Me,CNC], 527 (24)
(M* — 1.

[1°: n?-1-(3-Butenyl)-2,3,4,5-tetramethylcyclopentadienyl car-
bonylcobalt (12); A solution of 2 (0.78 g, 1.5 mmot) in 50 mi of ether
was treated at —50°C with sodium amalgam (1.5%, 38 g, 25 mmol)
and allowed to warm up to room temp. over a period of 1 h during
which time the color of the mixture changed from dark violet to
dark green. After stirring at room temp. for 2 h, Nal was filtered
off, the solvent evaporated, and the oily residue chromatographed
on silica gel (column 30 x 2 cm) at —20°C. Elution with pentane/
toluene (5:1) gave first an orange band followed by a dark green
band upon elution with toluene. The first band gave after crystal-
lization at —78°C very air-sensitive red brown crystals; yield 0.21 g
(53%). — IR (pentane): v = 1959 cm~! (CO). — EI-MS (70 eV):
mjz (%) = 262 (29) [M*], 234 (100) [M* — CO], 233 (3
[CoC;H ], 192 (82) [CoCioHi].

Bis[n’-1-(3-butenyl)-2,3,4,5-tetramethylcyclopentadienyl ] di-u-
carbonyl-dicobalt(Co=Co) (11). The green band from the chro-
matography for 12 as described above afforded after crystallization
at —78°C 0.10 g (25%) of air-sensitive green crystals. — IR (pen-
tane): v = 1759 cm~! (CO). — CI-MS (i-C,Hg): m/z (%) = 524 (7)
[M*],496 (4) [M* — CO], 468 (2)[M* — 2 CO],290(22) [M*
— CoC3Hyel, 262 (100) [M* — CoC;Hyy — COJ, 234 (18)
[CoCisH]

[ : 9?-1-(3-Butenyl )-2,3,4,5-tetramethylcyclopentadienyl ] (trime-
thyl phosphite Jcobalt (13). To a solution of 4 (1.22 g, 2.0 mmol) in
60 ml of ether was added at —50°C sodium amalgam (1.0%, 69 g,
30 mmol) and the reaction mixture allowed to warm up to room
temp. over a period of 45 min. After stirring at room temp. for 2 h
the solution was decanted off from excess amalgam, and the vola-
tiles were rcmoved in vacuo. The residuc was extracted with 3 x
25 ml of pentane, and the cxtracts were filtered through a pad of
kieselguhr. The solvent was distilled off and the oily brown residue
chromatographed on silica gel (column 10 x 2 ¢m) at room temp.
Flution with pentane/ether (5:1) gave an orange rcd band which
was collected. Recrystallization from pentane at —78°C afforded
air-sensitive red crystals; yield 0.52 g (73%). — EI-MS (70 eV):
mfz (%) = 358 (28) [M*], 327 (3) [M* — OMe], 234 (100)
[CoCi3H45], 233 (17) [CoCysH 1.

[n®: n*-1-(3-Butenyl )-2,3 4,5-tetramethylcyclopentadienyl ] (tri-
phenyl phosphite)cobalt (14): The reaction of 5 (1.60 g, 2.0 mmol)
with sodium amalgam (1.0%, 69 g, 30 mmol) was performed anal-
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ogously to the synthesis of 13 and gave 0.89 g (82%) of an orange
yellow powder. — EI-MS: m/z (%) = 544 (26) [M*], 234 (100)
[CoCisHi5], 233 (7) [CoCi3Hik].

Table 6. Analytical data

Com- Formula Analysis M.p.
pound (Mol. mass) C H 1 ¢l
2 CyHyCol,O Caled. 3259 3.71 49.18 91

(516.1) Found 3233 3.62 48.50
3 CyHyCosl, Caled. 31.99 392 5201 155
976.1) Found 3196 397 51.81
4 CHyuColO,P Caled. 3140 4.61 41.46 75
(612.1) Found 31.54 476 41.12
5  Cy3H3Col,O;P  Caled. 46.64  4.29 31.80 125
(798.3) Found 46.66 4.33 31.67
6 C;H;,Col,P Caled. 49.62 457 33.83 147
(730.3) Found 4951 4.67 33.16
7  CiHyuCol,P Caled. 3407 5.00 44.99 93
(564.1) Found 33.74 499 44.63
8 C;H3CoLP Calcd. 4028 4.83 40.53 110
(626.2) Found 4039 479 39.34
9  CigHyuColbN Caled. 3785 494 44.44" 58
(571.2) Found 38.15 5.4 4375
10 Cy;H3;Col,N,  Caled. 4222 5.709 112
(654.3) Found 4131 5.55
11 Cy;HyxCo,0, Caled. 6412  7.30 69
(524.5) Found 6286 7.36
12 CyHsCoO Caled. 64.12  7.30% 57
(262.2) Found 6392 7.18
13 C,HxCoO;P  Caled. 5363  7.889 37
(358.3) Found 53.86 7.91
14 CyH3CoO,P  Caled. 6838  6.29¢ 20
(544.5) Found 6864 6.61
16 C;H;,ColP Caled. 59.72 550 20.36 113
(623.4) Found 5930 5.80 20.12

¥ N: caled. 2.45, found 2.39, —
9 Co: caled. 22.48, found 21.70. —

9 Co: caled. 10.82, found 10.20.

® N: caled. 4.28, found 4.01. —
9 Co: caled. 16.45, found 16.80. —

[n*-1-(3-Butenyl)-2,3,4.5-tetramethyleyclopentadienyl Jiodo ( tri-

phenylphosphane )cobalt (16). To a solution of 6 (1.2 g, 1.6 mmol) in
50 ml of toluene was added sodium amalgam (1.5%, 7.5 g, 5 mmol)
and the reaction mixture allowed to warm up to room temp. The
color gradually changed from dark green to brown. After stirring
at room temp. for 4 h the solvent was removed in vacuo, the residue
taken up in 30 ml of ether, and the solution filtered through a pad
of silica gel. The filtrate was concentrated to ca. 5 ml and after
addition of 5 ml of pentane cooled to —78°C to afford air-scnsitive
dark brown crystals; yicld 0.62 g (62%). — IR (KBr): v = 1639
wem™ (C=C). — EI-MS: m/z (%) = 361 (30) [M*+ — PPh,], 320
8 [M* — PPh; — C;H;sl, 234 (6) [CoC;:Hib], 233 (18)
[CoC:H#%].
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