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Abstract: In the reaction of octacarbonyl dicobalt with 3-methyl-1,2-butadiene at room temperature dinpfelear
allyl-type complexes are formed which contaidn (n= 0, 1, 2, 3,---) five-carbon units depending on the applied
molar ratio. These complexes are the individual compounds in the octacarbonyl dicobalt-initiated living polymerization
of 3-methyl-1,2-butadiene. The first three members in this series of complexes containing) twode @), and

four (3) five-carbon units have been isolated and characterized by IR, Réiaand3C NMR spectroscopies,
molecular weight, and fot and 2 also by single-crystal X-ray diffraction. The first two molecules of 3-methyl-
1,2-butadiene establish the formation of twd-8,3-dimethylallyl)cobalt tricarbonyl parts which are linked together

at the central allylic carbon by a carbonyl group. By the addition of 3-methyl-1,2-butadiene in excess, the monomer
inserts into the unsubstituted allylic carbecobalt bond in a 1,2-fashion, pushing the cobalt atoms further apart.
The X-ray structures ol and2 disclose that the 1,2-polymer chain grows in a helical manner. The rate of the
insertion of the monomer is first order with respect of both the 3-methyl-1,2-butadiene and the dicobalt complex and
is negative first order with respect of carbon monoxide. The observed rate constants of the form&ti@abB0

°C are 14.3x 1074, 1.75x 1074, and 0.79x 104 s71, reproducible to within 5, 10, and 7%, respectively.

Introduc.tlon ) | | Hsz\c o

An unidentified organocobalt complex formed in the reaction Hzc'( \ co
of Coy(CO) and allenes having a hydrogen atom bonded to an OC.cgmemnn Go-co
allenic carbon atom was found to initiate the polymerization of oc”’ \ \ CH
allenest Nakamura claimed that in the presence of an excess c—cze 2
of Co(CO)g, allene yields [GH4Co(CO)], and suggested a 5 T CH,

structure for this compléx(see Figure 1), which has been since Figure 1. Suggested structure of the product from the reaction of 1,2-
extensively reviewed in the literatufe However, neither the  propadiene and G(CO):.2
composition nor the structure of this compound has been
confirmed by others. in evolution of carbon monoxide and the formation of a polymer
We studied the complex formation in the reaction ofyCo  as alight yellow air-sensitive precipitate. The infrared spectrum
(CO)% and 3-methyl-1,2-butadiene as a model and observed theof the reaction mixture showed characteristic changes in the
formation of a series of complexes which represent individual carbonyl stretching range during the reaction (Figure 2).
compounds in a living polymerization. Complexes containing Experiments with gradual addition of the 1,2-diene revealed that
two, three, and four dimethylallene units were isolated, and their distinct complexes were formed according to the stoichiometries
structures were determined by single-crystal X-ray diffraction of egs 3.
(complexesl and2) and NMR spectroscopy (complexis 3).
Co,(CO); + 2Me,C=C=CH, —
Results and Discussion Co(CO),(Me,C=C=CH,), + CO (1)
Addition of excess 3-methyl-1,2-butadiene to solutions of
octacarbonyl dicobalt im-octane at room temperature results Co,(CO),(Me,C=C=CH,), + Me,C=C=CH, —
" Hungarian Academy of Sciences. Co,(CO),(Me,C=C=CH,); (2)

* University of Georgia.
§ Russian Academy of Sciences.

Il University of Veszpfen. Co,(CO),(Me,C=C=CH,); + Me,C=C=CH, —
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(1) Greenfield, H.; Wender, |.; Wotiz, J. H. Org. Chem.1956 21, C%(CO)?(MeZC C C:HZ)4 (3)
875-878.

(2) Nakamura, ABull. Chem. Soc. Jprl966 39, 543-547. Thus, by mixing a solution of 1 mol of G(CO) with 1 mol

(3) (a) Otsuka, S.; Mori, K.; Suminoe, T.; Imaizumi, Eur. Polym. J. _ 1 9. ; :
1967, 3, 73—83. (b) Gmelins Handbuch der anorganischen Chemie of 3-methyl-1,2-butadiene at 2% led to the evolution of 0.5

Erganzungswerk zur 8.Auflage, Band 5. Kobaltorganische Verbindungen Mol of CO. The infrared spectrum of the reaction mixture
EIZI 21;183Ia2/vi)s§h, g., Ed'l:.; Iz/eg;\lg Cflgmie:d Vgﬁinhegél?»l%%st;b 189172; pp showed in addition to the unreacted fo0)s the formation of

—113. (c) Bowden, F. L.; Giles, RCoord. Chem. , 81—
106. (d) Kemmitt, R. D. W.; Russel, D. R. lBomprehengie Organome- a new complexl at 2071 (m), 206.4. (5), 2012 (s), 2007 (vs),
tallic Chemistry Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; 1998 (s), and 1672 (vw) cm. Addition of a second mole of

Pergamon Press: Oxford, U.K., 1982; Vol. 5, p 219. the 1,2-diene led to the release of an additional 0.5 mol of CO

S0002-7863(95)04240-5 CCC: $12.00 © 1996 American Chemical Society
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Figure 3. An ORTEP (50% probability ellipsoids) view of G&O),-
(Me,C=C=CH,); (1) as determined by X-ray diffraction. Hydrogen
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Figure 2. Infrared spectra in the(CO) range of the complexes formed ] R o ]
in the reaction of C#CO) with 3-methyl-1,2-butadiene at different ~ Figure 4. An ORTEP (50% probability ellipsoids) view of QE&O)~
molar ratios at 25C; Me,C=C=CH,/C0,(CO) = 2 (a), 3 (b), 4 (c), (Me,C=C=CH,); (2) as determined by X-ray diffraction. Hydrogen

10 (d), 40 (e and f). Spectra-@ are solution spectra imoctane, and ~ atoms are omitted for clarity.
f was recorded in a KBr pellet.

carbon resonances which are in the chemical shift range of
known 73-allyl-type complexes.

and the practically complete conversion of all,(ZeO) into 1 .
y y P k The X-ray crystal structures df (See Figure 3) an@ (See

(Figure 2a). Addition of a third mole of the 1,2-diene did not _. .
give additional CO evolution, but gave an almost complete Figure 4) revealed that these compounds gfe3(3-dimethyl-

conversion ofL into another new carbonyl cobalt comple ( allyl)cobalt tricarbonyl-type complexes in which two such parts

with v(CO) bands at 2067 (s), 2054 (s), 2010 (s), 2006 (s), 1991 are Iir}ked together at the central carbon of .the allyl group by a
(s), 1987 (s), and 1663 (vw) crh (Figure 2b). The formation ketonic carbon and by a three-carpon chain, respectively (cf.,
of the third new produc8 could be observed in the infrared Scheme 1). In complet, one allylic system, C(21), C(22),

spectrum having(CO) bands at 2052 (s), 1984 (vs), and 1630 C(23), C(24), C(25) (see Figurg 3), and the ketone carbonyl
(vw) cm%, upon addition of a fourth mole of the 1,2-diene group are nearly coplanar and this plane approaches orthogonal-

(Figure 2c). No further change of the infrared spectra could ity (81°) WiFh the chen73-3,3-dimethylallyl group. In complex

be observed upon addition of more 1,2-diene. The yellow ZEjthe chain of five carb(;]n Iatolms betweenhthe cobalt atoms}
; o : : ts an approximate helical pattern. The progression o

solutions and precipitate formed in the reaction oLC®)s acdop .

with either 10 or 40 mols of the 1,2-diene shokuédO)2 bands d'hfdral angles (see Figure 4) C(+1)(12)-C(7)-C(22), 20-

almost identical with that of produ@ (Figure 2d-f). (1)°; C(12)-C(7)-C(22)-C(21), 65(1); C(7)-C(22)-C(21)-

Complexesl—3 could be isolated from the reaction mixtures (4) (a) Jolly, P. W.; Mynott, RAdv. Organomet. Cheni.981, 19, 279

by chromatography on alumina with pentane or penteQid,- 294'152)1Cf22é}<'; Riley, P. E.; Davis, R. E.; Pettit,IRorg. Chem197§
Cl a.t.O C and subsequent crystallization 820 °C as air- ’(5) (a)IUPAé Solubility data series Vol. 43. Carbon Monoxi@argill,
sensitive yellow crystals. R. W., Ed.; Pergamon Press: Oxford, U.K., 1990; pp-89. (b) Gjaldbaek,

The composition ofl—3 deduced from the stoichiometry of J.hC.Acta Chem. Scar.u195(%j )6, 623-633. (cl) Ungvay, F.J. Organomet.
i ; i _ i Chem 1972 36, 363—370. Bor, G.; Dietler, U. K.; Pino, P; PpA. J.
their formation according to eqs—B could be verified by 5 o008 S O 670" 54 301-315. (e) Koeliker, R.: Thies, HJ.
osmometric molecular weight determination of the isolated chem. Eng. Data993 38, 437-440. (f) Garland, M.; Hortta, 1. T.; Bor,

complexes. TheéC NMR spectra of the complexes show G.; Pino. P.Organometallics1991, 10, 559-567.
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Scheme 1 Table 1. Initial Rates of CO Evolutionrg) and the Observed Rate
Constant i, = [CO)]ri/[Cox(CO)][A] in the Reaction of CHCO)g

2" o 4" . H H i
2>-=-: oo | . >=.: with 3-Methyl-1,2-butadieneA) in n-Octane Solution (eq 1) under
Coy(CO)g ——~ 3 < . Various Condition
(00)3003 f : Kc:o(cm3
1

co 17[Co(CO)X] 10[A] 1CFCORF 10fnM  10%
T,°C (M) (M) (M) (s (s
2 o ¢ 15 6.67 1.33 1.04 18.9 2.09
r— o~ ~ 15 3.33 1.33 1.04 10.1 2.23
‘CQWC% 15 3.33 133 104 102 225
P 15 1.48 2.80 1.06 8.60 2.20
2 15 1.48 0.00 1.06 0.62
15 1.48 2.80 1.06 9.48
C(32), 42(1y; and C(22)-C(21)-C(32)-C(33), 70(2]} indicates 15 1.48 0.00 1.06 151
a steady rotation of the carbon chain in the same direction, 15 1.48 2.80 1.06 23.4
generating a helical twist in the molecule. The infrared spectra ig é'gg igg 1'82 gig ggg
of 1and2in they(CO) range reflect the low symmetry of these ¢ 3.33 0.67 1.04 5.20 223
molecules: the six terminal carbonyl groups result in five and 15 3.33 3.33 1.04 235 2.08
six differentv(CO) bands, respectively. The ketonic carbonyl 15 3.33 3.33 1.04 24.6 2.17
of these complexes give a very wealCO) band in the infrared 15 3.33 6.67 1.04 45.6 2.01
spectrum of their solutions or in KBr pellets, but a stronger 15 3.33 3.33 1.79 13.4 2.12
absorption at the same wavenumber in the Raman spectrum in 15 3.33 1.33 0.52 18.4 2.06
. 20 4.00 4.00 1.03 66.7 4.30
the solid state. 25 2.00 8.00 1.03 107 6.9
It is interesting to note that although the bond structuré of 25 2.00 4.00 1.03 61.9 7.6
is symmetric (Scheme 1), the actual unsymmetrical structure %g 3-88 421-88 %-83 é844 673-2
of the crystalline state (Figure 3) appears to be maintained in 0 400 .00 Loa 230 13

solution as well since two different sets'6€ resonances were
found for the two coordinated allyl groups. Due to the inherent 2 Calculated fromPco and the solubility of CO im-octane® ®In
asymmetric bond structure @f all carbon resonances, except ?%?E ,‘\’,[E%e)”??ncﬂ,%oigs“é'n%ﬁ'ff%'t.f’érzar,vl”ezthg’@ﬁeg{ﬂir}'l'?»ﬁygf’éﬁi’gr[adica'
the kgtone ca.rbonyl carbon are doubled indicating thg different butyl-4-oxo-2,5-cyrc)|ohexadien-1-ylidenp§tolyloxy, f>r/e-(¢;L raélical (Gal-
chemical environments of these carbons. In addition, these,noxyl).

resonanceswith the exception of the central allylic carbon

resonancesare further doubled indicating thatis present in Co,(CO); = 2¢Co(CO), 4)
solution in the form of two diastereomers in nearly equal
proportions. The ratio of isomers does not change between Co,(CO) = Co,(CO), + CO (5)

room temperature and-43 °C, according to thé*C NMR
spectra. This suggests that the isomers are diastereomers rathel, o0 monoxida?

than restrlc.ted conformations. . . .. through scavenging of the tetracarbonyl cobalt radicals by the
To examine the gboye complex formations in more detail, free radical TEMPO. We found that the free radical galvin-
we measured the kinetics of these and relat(_ad reactions. Theoxylll reacts with octacarbonyl dicobalt in a similar way leading
reaction of Ce(CO) and 3-methyl-1,2-butadiené\] under 4% complex and carbon monoxide. We measured the rates of
carbon monoxide was followed by measuring the rates of CO ¢410n monoxide evolution of both reactions in the presence
evolut_lon which accompany the formation df Ta_bl_e_ 1 and in the absence of 3-methyl-1,2-butadiene. The data in Table
compiles the results of these measurements. The initial rates
of CO evolution were found to be first order in 1,2-diene and  (6) The reversible formation 0#Co(CO), from Co(CO) has been

; ; : p demonstrated (ref 7a), and the equilibrium constant was determined from
in Co,(CO) and negative first order in CO. The observed rate high-pressure high-temperature IR measurements (ref 7b), and recently from

constant for this reaction was found to ke(30 °C) = 14.3 x magnetic susceptibility measurements (ref 7c). In the latter reference, an
104 s71. The kinetics of the reactions in eqs 2 and 3 were Arrhenius plot for Ce-Co bond homolysis in G§CO)g based on thé&°Co

; ; NMR line widths has been given & = 17 + 2 kcal molt andA = 2 x
followed by infrared spectroscopy measuring the decrease OflO12 s 1 between 220 and 16€C. Although the reliability of the rate

intensity of the highes&(CO) band ofl at 2071 cm* and2 at constant derived by the extrapolation far beyond this range is not warranted,
2067 cntl, respectively. Table 2 compiles the results of these it gives a mean value of 1.07 5for 30 °C, which is on the same order of

measurements. These reactions (eqs 2 and 3) were found to bgxagnitude as the rate constant of the formation 0(CO), from Cor

. . . CO) at the same temperature. £LOO) is known to exchange carbon
first order with respect to both the starting complexes and the monoxide at a rate of 0.232%at 30°C (interpolated from experimentally

1,2-diene and negative first order with respect to CO. The rate observed rate constants a0, -5, 0, 5 (refs 8a,b), and 4680 °C (ref

constants were found to be (30 °C) = 1.75 x 104 s1and 8c)) by a dissociative mechanism through (@0D);. A rate constant
oY) — 4 o1 ; approximately six-times smaller than above has been inferred by others
ks (30 .C) 0.79 x 107 577, respectively. ., from the reaction with AsPh(ref 8d) or3CO (refs 8d,e).
The inverse dependence of t_he rates on_the_carbon monoxide (7) (a) Keller, H. J.: Wawersik, HZ. Naturforscher 1965 20b, 938—
concentration suggests that either coordinatively unsaturated942. (b) Bor, G.; Spindler, U. K. International Conference on Organometallic

it ilihri i Chemistry, 9th; Sept.-37, 1979, Dijon, France, Abstract B56. (c) Klingler,
cobalt complexes or fast CO substitution equilibria prior to the R. 3. Rathke. 3 W0 Am. Chem. S0d994 116 47724785,

rate-determining process are involved in all the reactions " (g) (a) Basolo, F.; Wojcicki, AJ. Am. Chem. Sod.961, 83, 520-528.

investigated. (b) Breitschatft, S.; Basolo, B. Am. Chem. Sod966 88, 2702-2706. (c)
In the reaction of 3-methyl-1,2-butadiene with octacarbonyl Etoe' '3- JC- DC)ngangmetﬁ"CDSlgSZ 6, ?4L2]—9A45- C(ﬂ) Abg'-gggghm’\g-?

: H ; : wooaq, J. D.; Forpus, N. P.; brown, 1. . Am. em. SO

dicobalt both tetracarbonyl cc_)balt radical and the coqrdlnatlvely 6248-6254. () Hoff, C. D.. Ungty, .. King, R. B.. Marko L. J. Am.

unsaturated heptacarbonyl dicobalt have to be considered as th&hem. Soc1985 107, 666-671.

possible reactive intermediates. Sources of these species might (9) TEMPO= 2,2,6,6-tetramethyl-1-piperidinyloxy, free radical.

be the well-established equilibrium reactions (egs 4 arfd 5). 195(320%3?1“3%'_255'*”““ W.; Gieren, A.; Betz, H.Organomet. Chem.

The free radical TEMP®reacts with octacarbonyl dicobalt (11) Galvinoxyl = 2,6-ditert-butyl-o-(3,5-ditert-butyl-4-0x0-2,5-cy-

and gives a well characterized complex, Co(TEMPO)(Cand clohexadien-1-ylidenep-tolyloxy, free radical.

The complex formation is believed to occur
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Table 2. Initial Ratesr, andrz and the Observed Rate Constarks= [CO)]ro/[1][A] and ks = [CO)]ra/[2][A]) in the Reaction ofl and2 in
egs 2 and 3, respectively, with 3-Methyl-1,2-butadieAg ih n-Octane Solution at 30C

1071] 107A] 10?[COJ? 10, 10%; 1072] 107A] 109 COJ? 1073 10%s
(M) (M) (M) Ms™) (s (M) (M) (M) Ms™) (s
1.13 0.32 1.00 6.75 1.86 0.31 0.48 0.98 1.27 0.84
0.59 0.32 0.99 3.90 2.04 0.31 0.48 0.73 1.59 0.81
0.44 0.31 0.99 2.61 1.89 0.31 0.48 1.48 0.89 0.88
0.30 0.32 1.00 1.69 1.76 0.31 1.48 1.10 3.17 0.76
0.30 0.30 0.96 1.46 1.56 0.10 0.48 1.09 0.33 0.75
0.32 0.38 0.76 2.48 1.55 0.30 0.99 1.10 2.07 0.76
0.30 0.38 1.33 1.28 1.49 0.62 0.48 1.08 2.23 0.81
0.30 0.64 1.00 3.33 1.73 0.31 0.48 0.83 1.40 0.78
0.30 1.07 1.02 5.46 1.73 0.31 0.40 1.12 0.85 0.77
0.30 1.60 1.01 8.51 1.79 0.32 0.48 1.12 1.14 0.83
0.30 1.46 0.29 10.5 0.70

a Calculated fromPco and the solubility of CO im-octane®

Scheme 2 Table 3. Initial Rates of CO Evolutionr{.g in the Reaction of
Cou(CO)s CoyCO), + CO Ecovcwth 3-Methyl-1,2-butadieneA) in n-Octane Solution (eq 6) at

o /|° 107[1ad 107A] 17[COJ2 10 1ac

CosCO) + D S 0 00 %CO (M) (M) (M) (Ms))
0(C0% 0.50 0.50 0.971 1.10
0.50 1.00 0.975 1.68
)0 st Q 1.00 0.70 0.977 2.71
s 1.00 1.00 0.967 3.23

C

(CO)Co H/K‘:O(co)a >=.: (CO);%)H%CT(CW 1.00 1.40 0.974 3.79
1.00 2.50 0.973 4.38
1.00 4.00 0.971 5.02
"co ||+co 1 2.00 1.00 0.971 6.53
4.00 1.00 0.969 12.93
/IO 1.00 1.00 0.328 4.62
1.00 1.00 0.463 4.41
(CO)Co H%c-o(cma 1.00 1.00 0.692 3.65
y 1.00 1.00 1.495 2.49

a Calculated fromPco and the solubility of CO im-octane®

1 show that the observed initial rates of carbon monoxide o

evolution in the presence of 3-methyl-1,2-butadiene and the free Q frae
radicals correspond to the sum of the rates measured at the samg, )J\C co), —  CHs < + CO ®)
) \ ; : 3 0(CO)s Co(CO),
concentrations but in separate experiments. This means that >=-:
the rate of reaction in eq 1 is not influenced by the presence of ] )
ac ac

those radical scavengers, suggesting that the tetracarbonyl cobalt
radical does not play any role in the reaction of octacarbonyl

dicobalt and 3-methyl-1,2-butadiene. . with a reversible dissociation of CO from acetylcobalt tetra-
on the other hand, the observgd negative effegt Of carbon carbonyl, followed by a reaction with 3-methyl-1,2-butadiene

monoxide on the_ rate of the reaction in eq 11is |nd|cat|\_/e that (Scheme 3). Assuming steady-state concentration for the

heptacarbonyl dicobalt may be involved in the reaction of acetylcobalt tricarbonyl intermediate, the rate can be described

octacarbonyl dicobalt with the first mole of 3-methyl-1,2- b
; - y eq 7 or after rearrangement by eq 8. A plot d&d/riac
butadiene (Scheme 2) similar to that of acetyléhesnd against [COJ/A] (Figure 5) allowsks (15 °C) = 6.5 x 103

conjugated dien€’s. We were not able to find evidence for s 1and the ratio ok_Jk» (15°C) = 1.03 to be calculated from
the formation of an intermediate complex containing only one intercept and the slope, respectively

3-methyl-1,2-butadiene uniX( probably because its formation

corresponding reagents. This kinetic behavior is in accordance

|15,2f(-)(|jli?3vr\1/gfj by a much faster insertion of the second mole of F1a0= kk[1ad[Al/(k,[A] + k_[CO]) @
Acetylcobalt tetracarbonyll@d reacts with allene leading [1ad/r, .= k_JCOVKK[A] + 1k, (8)

to (2-acetyln®-allyl)cobalt tricarbonyl and carbon monoxidte.

The analogous reaction with 3-methyl-1,2-butadiene at@5 The value of the observed rate constayghows an excellent

gave (2-acetyls*-3,3-dimethylallyl)cobalt tricarbonyag) and agreement with those obtained from CO-exchéhggnd PhP-

carbon monoxide (eq 6). substitutio® reactions of acetylcobalt tetracarbonyl and is about

The rate of CO evolution in the reaction (eq 6) at"Cwas 40 times higher than the observed rate constant of the reaction
found to be first order in acetylcobalt tetracarbonyl, less than of octacarbonyl dicobalt with 3-methyl-1,2-butadiene at the same
first order in 3-methyl-1,2-butadiene and less than negative first temperature suggesting that the intermediétén Scheme 2
order in carbon monoxide (Table 3). The latter two apparent might indeed be formed slowly and reacts fast to dive
orders decreased by increasing the concentrations of the |n the reaction of 3-methyl-1,2-butadiene with the complexes

(12) (a) Ellgen, Plnorg. Chem 1972 11, 691-695. (b) Ungvay, F.. 1 2 3, -, the insertion of the 1,2-diene occurs in the
Marko, L. Chem. Ber1972 105 2457-2461. coordination sphere of cobalt of these (2-substitufed;3-
296(312)5&%3% F.; Shanshool, J; Mafkd.. J. Organomet. Chen1985 dimethylallyl)cobalt tricarbonyl compounds. In the case when

(14) Otsuka, S.; Nakamura, Anorg. Chem.1972 11, 644-645. (15) Heck, R. FJ. Am. Chem. S0d.963 85, 651-654.
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Scheme 5
[h'.\(:]/rmc

(s) >=.:
S
400 4

[o]
Py
o i P i
200 |+

3

L 4 Kia
1.0 20 [coVial -~ "/\@00)3 9

Figure 5. Plot of [Lad/r1ac against [CO]/A] for reaction 6. (%(00)3 >=-:
Scheme 3 1a 2a

CH4C(=0)Co(CO),4

CH3C(=0)Co(CO); + CO by a#n3-nl-allyl conversion or by CO dissociation. The latter
case seems to be more likely since none ofsjhallylcobalt
tricarbonyl complexes in this work could be transformed into

o nt-allylcobalt tetracarbonyls by 50 bar of carbon monoxide at
Ko 22 35 °C. Carbon monoxide dissociation frome-allylcobalt
CHCL=01Co(C0s + > CHS%(C% tricarbonyl complexes on the other hand is a well established

step in their substitution reaction with triphenylphosphihe.

1ac

2ac
The bond structure df is unsymmetrical. Thus, its reaction
Scheme 4 with 3-methyl-1,2-butadiene (eq 3) may lead to the symmetric
rﬁ kg K bond structure o8 and/or to the unsymmetrical bond structure
CoCO); (~cotcoy, + co of 3 (Scheme 5). Unfortunately, a useful single crystal from

K.
’ the product of this reaction (eq 3) could not be found, and

therefore, the crystal structure could not be determined. How-

ever, both the infrared and th&C NMR spectra were suitable
KCO(CO) . > Kia "/\%‘ for elucidation of the actual bond structure of the product. The

2 slow Co(CO) infrared spectrum of the product shows only tW@€=0) bands
at 2052 (s) and 1984 (vs) crh in accordance with the
53 expectation for3, containing two identically substitutecy¥

| KCO(CO)Z +CO _ | 1&;0@0,3 3,3-dimethylallyl)cobalt tricarbonyl parts far enough from each
other to be moving freely. FaB, two pairs of absorbances
appear in the infrared spectrum according to the two differently

n3-allylcobalt tricarbonyl L) reacts with 3-methyl-1,2-butadi- ~ Substituted §°-3,3-dimethylallyl)cobalt tricarbonyl parts in the
ene (eq 9), (2-allyk3-3,3-dimethylallyl)cobalt tricarbonylXa) molecule. The/(C=0) bands o83 in n-octane solution at 2052

is formed® in the analogous reaction. The kinetic pattern of (S) and 1984 (vs) cnt closely resemble the(C=O) bands of
this reaction (eq 9) was found to be the same as those observed7*-3,3-dimethylallyl)cobalt tricarbonyl in hexane soluti8iat

for the reactions of GgCO), 1, and 2 with 3-methyl-1,2- 2056.5 (s) and 1989.8 (vs) cth These two characteristic bands
butadiene. That means first order with respect to Hatland can be seen in the infrared spectrum of products containing more
A and negative first order with respect to carbon monoxide. than four allene units as well, indicating thgtallyl-type cobalt
This suggests a fast equilibrium dissociation of CO frten complexes are present in all phases of the growing polymer.
followed by a rate-determining reaction with 3-methyl-1,2- On the other hand, thEC NMR spectrum shows resonances
butadiene (Scheme 4). The value of the observed rate constanof four primary carbons, two secondary carbons, and four
of kia (30 °C) = r1{CO]/[1a][A] = 0.96 x 1074 s is very quaternary carbons, as expectated3draving a symmetrical
close to that of the reaction & with 3-methyl-1,2-butadiene  bond structure. Fo8', at least twice as many resonances for
(0.79 x 104 s™!) and is 2 orders of magnitude smaller than each type of carbon would have been found owing to its

1a

2a

the rate of CO dissociation frora, ky (30 °C) = 0.0223 s, asymmetric bond structure.
obtained in the reaction dfa with PP’ The complexes2ac and 2a can be regarded as model
In eq 9, as well as in reactions of the othg¥allyl-type compounds of in a sense thaacmimics the 2-acyl-side and

complexes, the 3-methyl-1,2-butadiene adds most probably 1055 mimics the 2-alkyl-side of (Scheme 6). By comparison
a vacant coordination site of cobalt and then bond formation ¢ ine rates of the reaction of 3-methyl-1,2-butadiene Rl
occurs between the allyl part and the central carbon of the 1,2- 3,455 we found thaac reacts about 10 times as fast 28

diene dWEh cot:1c|orréitf:|11nt re?ore};iﬁn of thé-allyld_stru_cturg (see experimental part), which independently supports that
around the cobalt (Scheme 4). The vacant coor Ination site oNjjeed the 2-acyl-side iis the preferred site of reaction with
the cobalt can be formed from thg-allyl compounds either the 1.2-diene

(16) The reaction was followed by measuring the decrease of the
absorbance of the reaction mixture at 2064 énMolar absorbance dfa (17) Heck, R. FJ. Am. Chem. S0d.963 85, 655-657.
in n-octane at 30C: ev2%64(1a) = 4383.2 crd mmolL. (18) Bor, G.Collect. Pap. Symp. Coord. Chem. Tiha§64 397—417.
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Scheme 6
o kzac 0
CHS/U\%:MCOE >=I= CHG)‘I\‘K‘:O(CO)‘?
2ac 3ac
0
(CO);WCO)S
2
‘H/\’ kza
(00)300/\ | >=_: (00)300/\ |
2a 3a

Conclusion

In the reaction of CgCO) with 3-methyl-1,2-butadiene
dinuclearsn®-allyl-type complexes are formed which contain 2,

" véBo et al.

Reaction of Octacarbonyl Dicobalt with 3-Methyl-1,2-butadiene
(A). (a) To a solution of CgCO) (68.4 mg, 0.2 mmol) im-octane
(5 mL) under carbon monoxide atmosphere, was added 3-methyl-1,2-
butadiene (0.2 mL, 2.0 mmol) at room temperature all at once.
Immediate gas evolution (0.2 mmol) occured which ceased in a few
minutes while the color of the solution turned to dark yellow. In the
course of 3 days an oligomer separated from this solution as a yellow
precipitate (85 mg), which was filtered off, washed wittpentane,
and dried under CO. Anal. Calcd fokfig0,Co, C, 68.80; H, 8.10;
Co, 11.84. Found: C, 67.37; H, 8.43; Co, 11.63. IR spectrum of the
yellow filtrate »(C=0) (n-octane): 2054 (s) and 1985 (vs) cinIR
of the yellow precipitate/(C=0) (in KBr pellet): 2055 (s) and 1984
(vs) cnmt.

(b) Performing the above reaction with 0.2 mmol of,(@0) and
with the gradual addition of the 3-methyl-1,2-butadiene in 0.2 mmol
increments resulted in the evolution of 0.2 mmol of gas following the
addition of 0.4 mmol of 3-methyl-1,2-butadiene. H{C=0O) (n-
octane): 2071 (m), 2064 (s), 2012 (s), 2007 (vs), 1998 (s), and 1672
(vw) (»(C=0)) cnT. Addition of another 0.2 mmol of 3-methyl-1,2-
butadiene did not result in further gas evolution, but the/(RO) (n-
octane) of the reaction mixture changed2 h t02067 (s), 2054 (s),
2010 (s), 2006 (s), 1991 (s), 1987 (s) and 1663 (vw)tmAddition
of another 0.2 mmol of 3-methyl-1,2-butadiene to the reaction mixture
gave no further gas evolution or color change but a new IR spectrum

3, 4, and so on five-carbon units depending on the applied molarin the »(C=O) range at 2052 (s) and 1984 (vs) tm Addition of 1.2

ratio. The first two moles of 3-methyl-1,2-butadiene forma-(
3,3-dimethylallyl)cobalt tricarbonyl groups linked together at
the central carbon of the allyl group by a carbonyl group. On
both cobalt terminals of this complex a 1,2-polymer chain of
3-methyl-1,2-butadiene units can grow between th&3(3-
dimethylallyl)cobalt tricarbonyl parts and the ketonic carbonyl
link. 3-Methyl-1,2-butadiene enters the chain by coupling with
its C; position to the unsubstituted end of the origin&3,3-
dimethylallyl part and replacing the latter on the cobalt. The
rate of 3-methyl-1,2-butadiene incorporation declines with the
number of allene units present in the complex. This allows the
preparation of the first three complexes with 2, 3, and 4 allene

mmol of 3-methyl-1,2-butadiene to the reaction mixture did not result
in any change of the IR spectrum after 3 days. Addition of 0.6 mL (6
mmol) of 3-methyl-1,2-butadiene to the reaction mixture resulted in
the slow formation of a polymer as a yellow precipitate (123 mg) over
10 days. Anal. Calcd for £H3200/Co: C, 81.83; H, 10.61; Co,
3.88. Found: C, 79.55; H, 11.01; Co, 4.01. IR (KB(C=0): 2055
(s) and 1984 (vs) cnt. *H NMR (CDCl) ¢ 1.76 (6H, CH), 2.96
(2H, CH,) and traces at 1.26, 1.28, 1.55, 1.67, 1.82, and 24C.
NMR (CDCl3) 6 22.04 CHs), 34.15 CHy), 127.33, 127.66, 127.99
(CH,C=C), and 132.39 ((CK2C=C). Mol wt (osmometric in
benzene) 2993.4, calcd foréH;.00-Co, 3038.54.

Preparation of Hexacarbonyl u-(n%3-2,4-Diisopropylidene-3-
oxopentane-1,5-diyl)dicobalt (1). To a stirred solution of C4CO)

units, respectively. The structure of these complexes reveal the(513 Mg, 1.5 mmol) inn-octane (7.5 mL) under carbon monoxide

helical nature of a living polymer containing a ketonic carbonyl
group and carboncarbon double bonds suitable for further
chemical modifications.

Experimental Section

General. The solvents were dried in the usual way and stored under
carbon monoxide. 3-Methyl-1,2-butadiene (Aldrich) was distilled under

a carbon monoxide atmosphere. All reactions were carried out under

deoxygenated (BTS catalyst R 3-11) and drydig) carbon monoxide.
Octacarbonyl dicobdlt was doubly recrystallized first from Gi&l,
and then from n-heptane under carbon monoxide.

atmosphere at room temperature a solution of 3-methyl-1,2-butadiene
(0.3 mL, 3 mmol) inn-octane (2.7 mL) was added in 10 min and was
stirred for 4 h. The orange yellow solution obtained was concentrated
under vacuum to 4 mL (total volume), and was transferred to the top
of an ice-water-cooled 25 400 mm column filled with alumina
(Brockman I1). Flash chromatography under carbon monoxide (1.2
bar) with pentane (200 mL) gave a well-separated yellow main fraction.
Concentration at-10 °C to about 4 mL and crystallization at20 °C
gavel as yellow crystals (567 mg, 1.26 mmol) in 84% yield based on
Co(CO). Recrystallization frorm-pentane at-20 °C gave suitable
crystals for the X-ray diffraction measurements. Anal. Calcd fgr C
H160,C0o: C, 45.36; H, 3.58; Co, 26.18. Found: C, 44.98; H, 4.20;
Co, 25.69. IR (-octaney(C=0): 2071 (m), 2064 (s), 2012 (s), 2007

Infrared spectra were recorded on a Carl Zeiss Jena Specord IR 75(vs) 1998 (s), and 1672 (vWwp(C=0)) cmL. IR (KBr) »(C=0):

spectrophotometer in KBr pellets or in 0.030-, 0.061-, and 0.21-mm
solution cells with CafFwindows and were calibrated with benzene
(1959.6 cm?) and polystyrene (1601.4 crf). Raman spectra of the
solids were recorded on a FT-RAMAN (Bio-Rad) instrument using a
Nd laser. All manipulations involving air-sensitive compounds were
carried out by standard Schlenk techniggfes.

IH and 3C NMR spectra were obtained on a Varian Unity 300
spectrometer working in 300- and 75.43-MHz modes, respectively, and

2075 (s), 2062 (s), 2016 (s), 2005 (s), 2000 (s), 1989 (s), and 1660 (w)
(v(C=0)) cntl. Raman (solidy(C=0): 2074.5 (m), 2056.9 (vw),
2019.7 (s), 2006.5 (s), 1997.3 (s), 1983.9 (s), and 1659.84(@~0))
cm. *H NMR (CDCl): ¢ 1.46 (6H, anti CH), 1.90, 1.96 (6H, syn
CHy), 2.81, 2.82, 3.16, 3.46 (4H, syn and anti H in §£H*C NMR
(CDCL): 6 27.38, 27.71, 28.44, 29.13 (syn and a@itl; (C»+, C4 and

Car, Cav)), 45.43, 46.22C; andCs), 85.73, 86.97C» andCy ), 97.11

(C; and C4), 197.91, 199.58, 201.69CQ) (cf., Scheme 1 for

were referenced to TMS. Molecular weight measurements were madenumbering). Mol wt (im-pentane) 450, calcd forigH160,Co, 450.17.

in benzene om-pentane using a KNAUR (Germany) osmometer
calibrated with solutions of squalane and triphenylphosphine.

Analyses (C, H) were performed by the Analytical Department of
the University of Veszpma using a CHNSO Analysator (Carlo Erba).
Cobalt analyses were performed using established microanalytical
methods.

(19) SzaboP.; Markq L.; Bor, G.Chem. Tech. (Leipzid)961, 13,549
550.

(20) Shriver, D. F.; Drezdzon, M. AThe manipulation of Air-Sensit
compoundsWiley: Malabar, FL, 1986.

Preparation of Hexacarbonyl u-(5%3-2,4,6-triisopropylidene-5-
oxoheptane-1,7-diyl)dicobalt (2). Using the same procedure for the
preparation ofl but to the reaction mixture of GECO) (513 mg, 1.5
mmol) and 3-methyl-1,2-butadiene (0.3 mL, 3 mmolpioctane (10.5
mL), afte 4 h ofreaction time another portion of 3-methyl-1,2-butadiene
(0.15 mL, 1.5 mmol) im-octane (1.35 mL) was added, and the solution
was stirred at room temperature for 10 h. Flash chromatography at 0
°C on alumina (Brockman 1) under carbon monoxide (1.2 bar) with
pentane (300 mL) gave a yellow second fraction (300 mL). Concentra-
tion of the solution to about 4 mL at10 °C and crystallization at
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—20°C gave2 as yellow crystals (518 mg, 1.00 mmol) in 67% yield. Preparation of Tricarbonyl (2-Allyl- 53-3,3-dimethylallyl)cobalt
Recrystallization fromn-pentane at-20 °C gave suitable crystals for (2a). To n-allylcobalt tricarbonyd® (276 mg, 1.5 mmol) im-octane
the X-ray structure determination. Anal. Calcd ford,,0;Co.: C, (9.0 mL) at room temperature was added 3-methyl-1,2-butadiene (0.2

50.98; H, 4.66; Co, 22.74. Found: C, 51.00; H, 5.12; Co, 23.22. IR mL, 2.0 mmol) and the solution was stirred for 5 h. Concentration of
(n-octane)y(C=0): 2067 (s), 2054 (s), 2010 (s), 2006 (s), 1991 (s), the reaction mixture under vacuum at© to about 3 mL volume and
1987 (s), and 1663 (vwy(C=0)) cmr. IR (KBr) »(C=0): 2066 flash chromatography at €C on alumina (Brockman Il) under CO
(s), 2052 (vs), 2008 (s), 2001 (s), 1992 (vs), 1964 (s), 1653 (w) (1.2 bar) with pentane (60 mL) gave a yellow main fraction from which

(v(C=0)), and 1645 (vw) ¥(C=C)) cnmr . Ramany(C=0) (solid): 2awas isolated as a yellow oil (302 mg, 1.2 mmol) in 80% yield by
2054.2 (w), 2051.1 (m), 2003.4 (s), 1990.0 (vs), 1977.1 (s), 1969.4 evaporation of the solvent below°C. IR v(C=0) (n-octane): 2055
(m), 1653 (w) ¢(C=0)), and 1645 (m)¥(C=C)) cnT’. H NMR (s) (€m?°® (30 °C) = 3743.6 cm@ mmol?, 1991 (vs), 1987 (vs), and

(CDCL): 6 1.32, 1.34, 1.46, 1.49 (6H, anti GH 1.77, 1.78, 1.82, 1639 (vw) ¢(C=C)) cn%. *H NMR (CDCL): ¢ 1.38 (s, 3H, anti
1.84, 1.96, 2.06, (6H, syn G 2.67, 2.73, 3.14, 3.35 (2H, anti H in  CHa), 1.72 (d, 2H,J = 17 Hz, allylic CH), 1.81 (s, 3H, syn CB),
CHy), 2.67, 2.76, 3.10, 3.24 (2H, syn H in G3.00, 3.03, 3.05,3.09,  2.71 (s, 1H, anti H), 3.15 (s, 1H, syn H), 5.06 (M, 2H, allyk€H),
3.57, 3.59, 3.62, 3.64 (2H, GH 13C NMR (CDCk): 6 20.18, 20.47,  5.81 (m, 1H, allylic=CH). 13C NMR (CDCk): 6 26.17 (anti CHj),

22.82, 22.93 (anttHz (Cz» andCs-)), 26.75, 26.98, 28.06, 28.164), 28.17 (synCHgs), 40.85 CH,CH=CH,), 48.61 (C,), 88.01 C3), 99.95
28.16, 28.35, 28.45, 29.17 (s¥Hs (C» andCy)), 38.25, 38.92(C5), (Cy), 116.03 (CHCH=CH,), 136.15 (CHCH=CH,), 204 (CO) (cf.,
45.87, 46.47, 49.15, 49.5€{ andC; ), 86.75, 87.85, 88.47, 89.58,  Scheme 4 for numbering).
90.36, 91.48C, andCyg ), 99.04, 99.75C, andCg), 134.70, 134.79, Kinetic Experiments of the Reaction of Octacarbonyl Dicobalt
134.97, 135.54@,, andCy)), 201.5, 201.69, 203.580) ppm (cf., with 3-Methyl-1,2-butadiene (A). The reaction under carbon mon-
Scheme 1 for numbering). Mol wt (in-pentane) 518.9, calcd for,& oxide atmosphere was followed by measuring the initial rates of CO
H240:Co,: 518.29. evolution using a gasometric apparatus. In a typical experiment, a
Preparation of Hexacarbonyl u-(33%-2,4,6,8-Tetraisopropylidene- Teflon-coated magnetic stirring bar and a solution ok(C@) (68.4
5-oxononane-1,9-diyl)dicobalt (3). Using the same procedure as in Mg, 0.2 mmol) inn-octane (9.6 mL) were placed in a two-necked,
the preparation o but to the rection mixture obtained from £60) water-jacketed (25C) reaction vessel fitted with a reflux condenser

(513 mg, 1.5 mmol) and 3-methyl-1,2-butadiene (0.45 mL, 4.5 mmol) (12 °C) connected to a thermostatted gas buret@}, a U-shaped

in n-octane (11.8 mL) an other portion of 3-methyl-1,2-butadiene (0.15 Manometer filled withn-octane, and a silicon-disk-capped stopcock.
mL, 1.5 mmol) inn-octane (1.35 mL) was added, and the solution was 1he reaction was started by injecting 3-methyl-1,2-butadieree M
stirred at room temperature for 48 h. Flash chromatography on alumina Solution inn-octane (0.4 mL). The initial rate was calculated from
(Brockman I1) at °C under carbon monoxide (1.2 bar) with pentane  the gas buret readings collected in the first3Lmin (3-9 points).
methylene dichloride (97:3) mixture (300 mL) gave a well-separated 1he effect of carbon monoxide concentration on the rate of gas
third yellow fraction. Concentration of this solution to about 4 mL at ?V0|Ut'0n was S_tUdled by using different total pressurgs{(a_a par)
—10°C and crystallization at-20 °C gave3 as yellow crystals (615 in th_e ggsometn_c apparatus. The ra_tes are reproducible to within 5%.
mg, 1.05 mmol) in 70% yield based on £60). Crystals obtained Kinetic Experiments of the Reaction of Hexacarbonylu-(7**-

by repeated recrystallizations were not suitable for X-ray structure 2:4-Diisopropylidene-3-oxopentane-1,5-diyl)dicobalt (1) with 3-Methyl-
determination. Anal. Calcd for£Hs,0,Co,: C, 55.30: H, 5.50: Co, 1,2-butadiene (A). The reaction was followgd by measuring the
20.10. Found: C,54.94: H, 5.36; Co, 20.31. #f€=0) (n-octane): decrease of the absorbance_ of the_ reaction mnxﬁure gt 2071using
2052 (s), 1984 (vs), and 1630 (vw) cfn IR »(C=0) (KBr): 2056 the above apparatus, but circulating the reacpon mixture thro_ugh an
(vs), 2010 (sh), 1997 (sh), 1991 (s), 1971 (s), 1961 (vs), 1619 (sh) IR cuvette (0.021 Cm Cajby the means of a syringe pump (Hamilton)
(»(C=0)), and 1608 (m)¥(C=C)) cnr. Ramany(C=0) (solid): and Tefl_on spaghetti (gauge 18). The mola}r_absorbanﬂ:amﬁ-octane
2055.8 (M), 1995.7 (m), 1980.7 (s), 1961.0 (vs), 1619.5 (WGEO)), at 30°C isem?7(1) = 2701.5 cri mr_norl. _Inltlal rates were calculated
and1608.5 (w)¥(C=C)) cn™. 'H NMR (CDCl): 0 1.33, 1.82, (12H, from the measured absorbances in the first few minutes. The rates are

syn and anti Ck), 1.87, 1.90 (12H, &C(CHy),), 2.65, 3.10 (4H, syn  reproducible to within to 10%.

and anti H in CH), 3.29 (d, 4H, CH, J = 15 Hz), 3.44, 3.49 (2H, syn Kinetic Experiments of the Reaction of Hexacarbonylu-(7°°-

H in CHy). 13C NMR (CDCE): 6 22.45 (anti CH (Cp and Cg)), 2,4,6-Tr||sopr0pyl|c_1ene-5-oxoheptan(_a-1,7-d|y|)d|cobalt 2) Wlth
27.31, 28.23 ¢4 andCg'), 30.89 (syn CH (C» andCg')), 36.13 Cs 3-Methyl-1,2-butadiene (A). The reaction was followgd by measuring
andCy), 49.00 C; andCo), 87.81 C» andCyg ), 100.78 C, and Cy), the decrease of the absorbance of the reaction mixture at 2067 cm

135.83 Cs andCs), 141.26 C, andCs), 201.5, 203.7 (CO) (cf., Scheme using _the above apparatus. The molar Qbsorbande’roh-octane at
5 for numbering). Mol wt (im-pentane): 576.6, calcd fors@s0r- 30°C is ew?%57(2) = 4383.2 ctimmol . Initial rates were calculated
Coy,: 586.40. from the measured absorbances in the first few minutes. The rates are

reproducible to within 7%.

Kinetic Experiments of the Reaction of Tricarbonyl (2-Acetyl-
n°-3,3-dimethylallyl)cobalt (2ac) with 3-Methyl-1,2-butadiene (A).
The reaction was followed in two independent ways. (a) The reaction
was monitored by applying infrared spectroscopy and measuring the
decrease of the absorbance of the reaction mixture at 2068using
the above apparatus. The molar absorbanc2acfin n-octane at 30
°C is em?%8 (2aQ) = 4966.8 crd mmol™. Initial rates were calculated
from the measured absorbances in the first few minutes. In a typical
experiment at 30C, [2ad = 0.553x 1072 M, [A] = 2.913x 1072
M, and [CO]= 1.052 x 1072 M, and the initial raterac of 8.84 x
107 M s™! was measured. The calculated rate constant for this
measuremerky,. (30 °C) = r,.{CO)/[2ad[A] = 5.77 x 10°5s™%. (b)
By usingH NMR technique, the rate data were collected by measuring
the decrease of the 3-methyl-1,2-butadiene multiplet between 4.51 and
4.53 ppm of the reaction mixtures. In a typical experiment atG0
[2ad = 5.94 x 102 M, [A] = 10.08 x 102 M, [CO] = 1.052 x
1072 the initial raterz,c = 3.08 x 105 M s was measured. The
calculated rate constant for this measurementqg (30 °C) =

Preparation of Tricarbonyl (2-Acetyl- 3-3,3-dimethylallyl)cobalt
(2ac). To acetylcobalt tetracarborfy321 mg, 1.5 mmol) im-octane
(9.6 mL) was added 3-methyl-1,2-butadiene (0.15 mL, 1.5 mmol) in
n-octane (1.35 mL) at room temperature, and the solution was stirred
for 45 min. Concentration of the reaction mixture under vacuum at 0
°C to about 3 mL and flash chromatography on alumina (Brockman
II) at 0 °C under carbon monoxide (1.2 bar) with pentane (300 mL) or
pentane-methylene dichloride (97:3) mixture (30 mL) gave a yellow
main fraction. Evaporation of the solvent below@and crystallization
of the residue from pentane (4 mL) &at79 °C gaveZ2ac as yellow
crystals (312 mg, 1.23 mmol) in 82% yield (m{80°C). Anal. Calcd
for C10H1104Co0: C, 47.26; H, 4.36; Co, 23.19. Found: C, 48.30; H,
4.45; Co, 22.84. IRr{-octane(C=0): 2068 (s), 2010 (s) 2006 (s),
and 1688 (m)#(C=0)) cnmX. *H NMR (CDCl): 6 1.40 (s, 3H, anti
CHg), 1.98 (s, 3H, syn Ch), 2.27 (s, 3H, COCH), 2.69 (d, 1H, anti
H, Jgem = 1.76 Hz), 3.32 (d, 1H, syn Hlgem = 1.76 Hz). 13C NMR
(CDCly): 6 25.75 (antiCHs), 28.03 (syn CH), 29.72 (CQCH3), 45.57
(C1), 88.55 (Cs), 90.88 (), 200.78 COCH;), 202 (CO) (cf., Scheme
3 for numbering).

(23) Prepared from allyl bromide and sodium tetracarbonylcobaltate
(21) Prepared from ketene and hydridotetracarbonylcobalt according to according to refs 17 and 24.

ref 22. (24) Heck, R. F.; Breslow, D. SI. Am. Chem. Sod.961, 83, 1097
(22) Ungvay, F. J. Organomet. Cheni986 303 251—255. 1102.
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Table 4. Pertinent Crystallographic Information for Complexes Table 6. Selected Bond Angles (deg) and Estimated Standard
and?2 Deviations (in Parentheses) for Structufleand 2
1 2 structurel structure2

empcl form GH160:C0, Co2H240/C0o;, C(1)—Co(1)y-C(2) 107.3(6) C(1yCo(1)-C(2) 101.1(6)
form wt 450.18 518.29 C(1)-Co(1)y-C(3) 104.4(7) C(1yCo(1)-C(3) 99.5(6)
space group P1 P2,/a C(2)—-Co(1)-C(3) 96.2(6) C(2yCo(1)-C(3) 103.7(6)
a, 7.093(1) 17.732(1) C(1-Co(1»-C(11) 97.7(6) C(1)}Co(1-C(11) 154.5(5)
b, A 9.897(1) 7.0943(7) C(1)-Co(1)-C(12) 123.2(6) C(1LyCo(1)-C(12) 114.0(5)
c, A 13.790(1) 20.284(3) C(1)-Co(1y-C(13) 103.5(6) C(1}Co(1)-C(13) 92.1(5)
o, deg 86.99(1) 90.0 C(2)-Co(1)-C(11) 90.6(6) C(2yCo(1)-C(11) 98.8(5)
B, deg 85.97(1) 109.246(8) C(2)-Co(1)-C(12) 109.0(5) C(2rCo(1)-C(12) 125.2(5)
y, deg 79.57(1) 90.0 C(2)-Co(1)-C(13) 146.2(5) C(2yCo(1)-C(13) 103.7(5)
Vv, A3 949.0(2) 2408.9(4) C(3)-Co(1y-C(11) 153.7(5) C(3yCo(1)-C(11) 91.2(5)
z 2 4 C(3)-Co(1)-C(12) 113.3(6) C(3)Co(1)-C(12) 110.0(5)
radiation Cu@) Cu@) C(3)—Co(1-C(13) 89.2(5) C(3yCo(1)y-C(13) 147.6(5)
Dealo g/Crr? 1.575 1.429 C(11)-Co(1)-C(12) 40.9(4) C(11yCo(1>-C(12) 40.5(4)
u (Cu Ka), mmt 140.15 111.18 C(11yCo(1)-C(13) 71.7(4) C(11yCo(1)y-C(13) 67.7(4)
R 0.070 0.044 C(12-Co(1)-C(13) 40.0(4) C(12yCo(1)-C(13) 38.4(3)
Ry 0.081 0.045 C(4)—Co(2)-C(5) 104.4(6) C(4rCo(2-C(5) 105.5(6)
goodness of fit 4.25 2.83 C(4)—Co(2)-C(6) 96.1(7)  C(4)yCo(2)-C(6) 106.3(7)
unique reflns measd 3893 5361 C(5)—Co(2)-C(6) 105.5(7) C(5)Co(2)-C(6) 96.8(7)
no. observnsl(> 3o(l)) 1999 1288 C(4)—Co(2)-C(21) 88.9(6) C(4yCo(2)-C(31) 101.0(5)
parameters refined 236 280 C(4)-Co(2)-C(22) 114.1(6) C(4yCo(2)-C(32) 123.7(5)
refln/param ratio 8.47 4.60 C(4)—Co(2)-C(23) 154.9(5) C(4yCo(2)-C(33) 99.8(5)

C(5)—-Co(2)-C(21) 103.7(6) C(5rCo(2)-C(31) 92.0(6)
Table 5. Selected Bond Lengths and Estimated Standard gg;:ggg)):ggg 342127(75(;3) gégggg)):gggg ﬂg%ggg
Deviations (in Parentheses) (A) for Structufeand2 C(6)-Co(2)-C(21) 148.1(6) C(6) Co(2)-C(31) 147:8(5)
structurel structure2 C(6)—Co(2)-C(22) 110.5(6) C(6)Co(2)-C(32) 108.9(6)
C(6)—Co(2)-C(23) 94.3(6) C(6)yCo(2)-C(33) 91.7(6)

Co(1)-C(1) 1.80(1) Co(1yC(1) L77(1) C(21)-Co(2)-C(22) 40.5(4) C(31)Co(2)-C(32) 39.8(4
ggg)):ggg i;g% ggggggg igégg cEzl);cng);cgzsg 70.6&53 cgslzf\cOEZ);cgssg 66.7%53
Co(2-C(a) 1.78(1) Co(2 o) 178(1) C(22)-Co(2-C(23) 40.8(4) C(32}Co(2)-C(33) 38.0(4)
Co(2)-C(5) 1.82(1) Co(2rC(5) 1.78(2) _ _ _
Co(2)-C(6) 1.79(2) Co(2}C(6) 1.75(1) were solved through direct methddsand refined by full matrix least
Co(1)-C(11) 2.10(1) Co(1yC(11) 2.03(1) squares. Hydrogen atom positions were calculated and included in the
Co(1)-C(12) 1.99(2) Co(1yC(12) 2.00(1) least squares refinement with fixed parameters. ORTHRgrams
Co(1)-C(13) 2.17(1) Co(1yC(13) 2.12(1) of 1 and2 are shown in Figures 3 and 4. Selected bond lengths and
Co(2)-C(21) 2.08(1) Co(2)C(31) 2.07(1) angles are provided in Tables 5 and 6. One technical difficulty with

structure2 was a nonpositive definite anisotropic temperature factor
r,adCOJ/[2ad[A] = 5.41 x 105 5. The rates obtained by both  °F 210m C(12); the ORTEP diagram was produced using a positive
. s isotropic factor. The likely cause for the nonpositive temperature factor
methods are reproducible to within 6%. was the relatively low reflection/parameter ratio Bleading to Fourier
Kinetic Experiments of the Reaction of Tricarbonyl (2-Allyl- 73- y P 9

3,3-dimethylallyl)cobalt (2a) with 3-Methyl-1,2-butadiene (A). The ~ Series termination effects.

reaction was followed by the above NMR technique. In a typical .
experiment at 30C, [28] = 7.0 x 10°2 M, [A] = 12.57 x 102 M, Acknowledgment. We thank Professor L. Mafkior helpful

[CO] = 1.051x 10-2 M, and the initial rat@», = 4.56 x 106 M 51 o_Iiscus_sions. We thank the Hungarian Science Foundation for
was measured. The calculated rate constant for this measurement idinancial support under Grant OTKA T4387. We also thank
kea (30 °C) = r{COJ[24][A] = 5.45 x 10°° sL. The rates are BASF (Ludwigshafen) for a generous gift of BTS-Catalyst R
reproducible to within 6%. 3-11.

X-ray Diffraction Analysis. Crystals ofl and2 were mounted in
glass capillaries and sealed from the atmosphere. Cell dimensions were Supporting Information Available: Crystallographic data
determined from 25 accurately centered reflections in the range of 15 for 1 and 2 including experimental details, structure solution
< 6 < 40°. Pertinent crystallographic information is supplied in Table and refinement information, and tables of positional and thermal
4. Absorption corrections were applieth W-scan measuremefits parameters and interatomic distances and angles (24 pages). See

(1, transmission range of 47100%; 2, transmission range of 74 any current masthead page for ordering and Internet access
100%); no significant decomposition of either crystal was observed in

) . instructions.
the three standard intensity measurements made every 2 h. All
structural computations were performed using TEXSANStructures JA9542404

(25) North, A. C. T.; Phillips, D. C.; Mathews, F. 8cta Crystallogr. (27) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
A 1968 A24, 351-359. M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr.1994 27, 435.

(26) TEXSAN, Crystal Structure Analysis Package; Molecular Structure (28) Johnson, C. KORTEPII.Report ORNL-5138. Oak Ridge National
Corporation, 1985 and 1992. Laboratory, TN, 1976.



