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Presented herein are the preparation and structural characterization of Co(05-C5Me5)(CO) (CH,Cl)Cl 
which represents the first example of an isolable dichloromethane oxidative-addition product from a 
non-porphyrin cobalt(1) species. This (chloromethyl)cobalt(III) compound was prepared in ca. 60% yield 
by the photolytic reaction of Co(v5-C5Me5)(CO), with CH2C12 in diisopropyl ether. Its composition was 
deduced from IR, ‘H and 13C NMR, and mass spectral analysis and confiied from an X-ray crystallographic 
study. The molecular configuration expectedly conforms to the well-known three-leg piano-stool geometry 
with normal Co-CH,Cl and Co-CO bond lengths of 1.991 (8) and 1.775 (10) A, respectively. Of interest 
is that the ring carbon atoms of the pentamethylcyclopentadienyl ring exhibit a small but systematic 
distortion from a regular pentagonal geometry toward an “allyl-ene” geometry; the resulting C-C bond 
length pattern and slight ring puckering are virtually identical with those found in both C O ( ~ ~ - C ~ M ~ , ) ( C O ) ~  
and Rh(q5-CSMe5)(CO),. The physical-chemical properties of this red, reasonably air-stable crystalline 
compound are reported together with its possible role as precursor for the synthesis of a variety of 
organocobalt compounds. C O ( ~ ~ - C ~ M ~ ~ ) ( C O ) ( C H ~ C ~ ) C ~ :  M ,  = 307.17; triclinic; Pi; a = 7.973 (4) A, b = 
13.860 (7) A, c = 6.767 (3) A, CY = 95.70 ( 2 ) O ,  f l  = 110.43 ( 2 ) O ,  y = 81.06 ( 2 ) O ,  V = 691.46 at T = 295 K; 
dcalcd = 1.47 g/cm3 for 2 = 2. The crystal structure was solved via direct methods followed by successive 
Fourier syntheses and anisotropically refined by least squares (RAELS) to R1 = 4.05% for 907 independent 
diffractometry data with IF,,] > 2.5u(F0). 

Introduction 
Metal-carbon bond formation by oxidative addition of 

organic halides to  transition-metal complexes has played 
a central role in many organic reactions.’ Studies of 
electrophilic alkylations of low-valent cobalt complexes 
have attracted considerable interest, due in part to the 
desire to find low-cost alternatives to rhodium-based 
catalytic processes. While many products have been iso- 
lated from oxidative-addition reactions of iodo- and di- 
iodoalkanes with nucleophilic cyclopentadienylcobalt(1) 

relatively few species have been reported 

(1) (a) Collman, J. P.; Roper, W. R. Adu. Organomet. Chem. 1968, 7, 
53-94. (b) Ugo, R. Coord. Chem. Reu. 1968, 3, 319-344. (c) Stille, J. K.; 
Lau, K. S. Y. Acc. Chem. Res. 1977, 10, 434-442. (d) Kochi, J. K. 
“Organometallic Mechanisms and Catalysis”; Academic Press: New York, 
1978 pp 374-432. (e) Flood, T. C. Top. Inorg. Organomet. Stereochem. 
1981. 12. 57-117. ----. --. - ~~ 

(2) (a) Spencer, A.; Werner, H. J. J .  Organomet. Chem. 1979, 171, 
219-228. (b) Werner, H.; Hofmann, W. Chem. Ber. 1977,110,3481-3493. 

(3) King, R. B. Kapoor, R. N.; Houk, L. W. J.  Inorg. Nucl. Chem. 1969, 
31, 2179-2188. 

(4) Hart-Davis, A. J.; Graham, W. A. G. Inorg. Chem. 1970, 9, 
2658-2663. 

(5) Yang, G. K.; Bergman, R. G. J .  Am. Chem. SOC. 1983, 105, 
6045-6052 and references cited therein. 

(6) For an excellent review of this area of chemistry see: Werner, H. 
Angew. Chem., Int. Ed. Engl. 1983, 22, 927-949. 

from oxidative-addition reactions of chloro- and di- 
chloroalkanes. In particular, the synthesis of stable 
(chloromethyl)cobalt(III) complexes from dichloromethane 
reactions has been heretofore accomplished only in reac- 
tions of CHZC1, with reduced vitamin Blz and reduced 
cobalamin model compounds.T 

In an effort to prepare (chloromethyl)cobalt(III) com- 
plexes, Hofmann and Werners found that the low-tem- 
perature reaction (-50 “C) of chloroiodomethane and Co- 
( T ~ - C ~ H , ) ( P M ~ ~ ) ( C O )  gives a mixture of Co(q5-C5H5)- 
(PMe3)(CH,C1)I and Co(a5-C5H5)(PMe,)(C1)I which can 
be separated via solubility differences. Although stable 
in the solid state upon being crystallized a t  -78 “ C ,  the 
former (chloromethyl)cobalt(III) complex eliminates CH, 
in solution above -30 “C to form the latter complex. 
Hofmann and Werners also found that the addition of an 
equimolar quantity of a two-electron donor (where L = 

(7) (a) Wood, J. M.; Kennedy, F. S.; Wolfe, R. S. Biochemistry 1968, 
7,1707-1713. (b) Franchiang, Y.-T.; Wood, J. M. J.  Am. Chem. Soc. 1981, 
103, 5100-5103. (c) Schrauzer, G. N.; Windgassen, R. J. J .  Am. Chem. 
SOC. 1967,89,1999-2007. (d) Hemphill, W. D.; Brown, D. G. Inorg. Chem. 
1977, 16, 766-769. 

(8) (a) Hofmann, L.; Werner, H., unpublished results (reported by 
Werner in ref 6). (b) Hofmann, L.; Werner, H. J .  Organomet. Chem. 
1985,289, 141-155. 
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Synthesis of Co(s5-C&e5) (CO)(CH2C1)C1 

PMe,, P(OMe),, CNMe) to Co(s5-C5H5)(PMe3)(CH2C1)I 
produced the corresponding [Co(v5-C5H5) (PMe,) (L)- 
(CH2C1)]+ monocations; these cationic (chloromethy1)co- 
balt(II1) complexes reacted a t  room temperature with 
trimethylphosphine to produce the ylidic [Co(s5-C6H5)- 
(PMe,) (L)(CH2PMe,)I2+ dications. Similarly, Klein and 
Hammerg obtained cobalt-coordinated ylidic alkylidene- 
trimethylphosphorane ligands by the oxidative additions 
of 1,l-dichloroalkanes (including CH2C12) with Co(PMe,),. 
They proposed that the formation of these complexes in- 
volved hypothetical (chloroa1kane)cobalt intermediates. 
Werner and co-workers10-12 also prepared analogous 
(halogenomethyl)rhodium(III) complexes, Rh(a5-C5H5)- 
(PMe)(CH,X)X’ (where X = X’ = Br, I; X = C1, X’ = I); 
the diverse substitution chemistry found for the (iodo- 
methyl)rhodium(III) complex illustrates how attractive 
such complexes are as chemical precursors for the synthesis 
of a large variety of organometallic compounds. 

During our continuing studies of the reactivity of the 
(Co-Co) double-bonded C O , ( ~ ~ - C , M ~ ~ ) , ( ~ ~ - C O ) ~  molecule13 
with electronically deficient metal  fragment^,'^ the acci- 
dental inclusion of dichloromethane in a diisopropyl ether 
solution of C O ( . ~ ~ ~ - C ~ M ~ ~ ) ~ ( ~ ~ - C O ) ~  which was photolyzed 
in an attempt to prepare the cobalt dimer led instead to 
the unexpected synthesis of Co(s5-C5Me5)(CO)(CH2C1)C1 
(1). This compound, which was characterized by IR, lH 
and 13C NMR, mass spectroscopy, and an X-ray diffraction 
analysis, is (to our knowledge) the first example of a 
(chloromethyl)cobalt(III) species isolated from the oxi- 
dative addition of dichloromethane to a non-porphyrin 
cobalt complex. 

Experimental Section 
All reactions and crystallizations were performed under a ni- 

trogen atmosphere either via standard Schlenk techniques or with 
a Vacuum Atmospheres glovebox. The  following reagent grade 
solvents were dried and distilled immediately before use: CHzClz 
(PZO,), hexane (CaH,), tetrahydrofuran (potassium benzophenone 
ketyl), diisopropyl ether (potassium). The  Co(s5-C5Me5)(CO), 
monomer was prepared as described by Rausch and Gene t tP  for 
a variety of mono(ring-substituted cyclopentadieny1)cobalt di- 
carbonyl compounds. Pentamethylcyclopentdiene was made by 
a published procedure.16 All other reagents were purchased from 
major chemical suppliers and were used without further purifi- 
cation. 

Preparation and Characterization of Co(q5-C5Me5)- 
(CO)(CH2Cl)Cl (1) .  In a typical reaction, 2.0 g (8 mmol) of 
C O ( ~ ~ - C ~ M ~ ~ ) ( C O ) ,  and 1.5 mL (24 mmol) of dichloromethane 
were added to 100 mL of diisopropyl ether in a water-cooled Pyrex 
photolysis vessel. Nitrogen was slowly bubbled through the so- 
lution during the reaction to facilitate removal of carbon monoxide 
and enhance isolation of the product. 

Irradiation of the reactants for 8-12 h with a 450-W Hanovia 
medium-pressure Hg vapor lamp produced product 1 as a mi- 
crocrystalline red solid in diisopropyl ether. After decantation 
of the diisopropyl ether, the red precipitate was extracted with 
benzene and filtered; removal of the solvent under vacuum gave 
1 in ca. 60% yield. With extended photolysis the product de- 
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composes into an  insoluble green precipitate. 
A ‘H NMR spectrum (benzene-d6) of 1 obtained on a Bruker 

WP-270 spectrometer gave resonances at  6 1.13 (s, 15 H),  and 4.62, 
4.86 (2d, 1 H, diastereotopic, J = 4.6 Hz). A 13C(1HJ NMR 
spectrum (benzene-d,) performed on a JEOL FX-200 spectrometer 
exhibited three sharp resonances a t  6 8.7 (s, 5 C), 42.6 (s, 1 C), 
and 101.4 (s, 5 C). The  resonance a t  6 42.6 is assigned to the 
methylene carbon. The failure to observe the carbonyl ligand 
13C NMR resonance (over a 300 ppm range) is attributed in part 
to quadrupolar broadening effects of the 59C0 nucleus ( I  = 7/2).17 

A solid-state (KBr) infrared spectrum (Beckman IR 4240 
spectrophotometer) revealed a strong terminal carbonyl band a t  
2030 cm-l. The presence of chlorine was established from an X-ray 
fluorescence spectrum (Applied Research Labs-SEMQ) of single 
crystals. The  composition of 1 was deduced from its mass 
spectrum (AEI MS 902-C spectrometer; electron impact at  30 eV), 
which exhibited the parent ion peak a t  m / e  306, and subsequently 
confirmed from an X-ray crystallographic determination. 

Crystal Structure of Co(q5-C5Me5)(CO)(CH2Cl)C1 (1) .  
Suitable red-orange crystals were obtained directly from the 
photolytic reaction vessel. A parallelepiped-shaped needle crystal 
(of approximate dimensions 0.5 X 0.2 x 0.2 mm) was mounted 
under argon in a Lindemann glass capillary (which was flame- 
sealed) with the long dimension parallel with the phi axis of the 
goniometer. A Syntex (Nicolet) Pi diffractometer with gra- 
phite-monochromatized Mo K a  radiation was utilized to obtain 
X-ray data a t  ambient temperature (23 ‘C). Details of crystal 
alignment, data collection parameters, and a listing of the crys- 
tallographic programs used are given elsewhere.l8 Axial photo- 
graphs disclosed no mirror plane symmetry. A triclinic unit cell 
was selected with dimensions a = 7.973 (4) A, b = 13.860 (7) A, 
c = 6.767 (3) 8, a = 95.70 (Z)’, p = 110.43 (Z)’, and y = 81.06 
(2)’, which were derived from least-squares analysis of 15 well- 
centered reflections with 15 5 28 5 25’. On the basis of V = 691.46 
A3 and M, = 307 for CI2Hl7CoC120, the calculated density is 1.47 
g/cm3 for 2 = 2. The choice of Pi was made on the basis of the 
centrosymmetric distributions of the normalized structure factors 
and was substantiated by the successful refinement of the 
structure; the crystallographically independent unit consists of 
one molecule. 

Intensities were measured by the 8-28 scan mode for four 
octants (+h,*k,*l) over a 28 range of 3.0-40.0’ with variable scan 
speeds of 4-24’/min and scan widths of 1.0’ below 28(Kal) to 
1.0’ above 28(Ka2). Three standard reflections, which were 
recollected after every 50 measured intensities, showed virtually 
no variations in their intensities (less than 2%) over the course 
of data acquisition. Correction of the observed data for absorption 
effects was not performed due to the relatively small linear ab- 
sorption coefficient (w = 15.2 cm-’ for Mo K a  radiation) and 
uniform crystal dimensions around the phi axis of the goniostat. 
Data reduction of the 1176 collected reflections gave 907 inde- 
pendent reflections with F, > 2.5u(F0). 

The crystal structure was solved via MULTAN’’ followed by 
successive Fourier syntheses which yielded the positions of all 
non-hydrogen atoms. Full-matrix least-squares refinement with 
RAELS~O was carried out with anisotropic thermal parameters for 
all non-hydrogen atoms. Since reliable coordinates for the methyl 
and methylene hydrogen atoms were not revealed from difference 
maps, idealized hydrogen positions were calculated from  MIRAGE^^ 
and included in the refinement via the following model. Each 
hydrogen atom was arbitrarily assigned an identical isotropic 
temperature factor which was not varied. Likewise, the idealized 
tetrahedral positions of the two methylene hydrogen atoms were 
fixed. For each methyl substituent an idealized sixfold set of 
half-weighted hydrogen positions along the C(ring)-CH3 line 
(corresponding to two twofold-related orientations of idealized 

(9) Klein, H.-F.; Hammer, R. Angew. Chem., Int. Ed. Engl. 1976,?5, 

(10) (a) Werner, H.; Feser, R.; Paul, W.; Hofmann, L. J. Organomet. 
Chem. 1981,219, C29433. (b) Paul, W.; Werner, H. Angew. Chem. 1983, 
95, 333-334. (c) Werner, H.; Paul, W.; Feser, R.; Zolk, R.; Thometzek, 
P. Chem. Ber. 1985,118, 261-274. 

(11) Werner, H.; Hofmann, L.; Feser, R.; Paul, W. J .  Organomet. 
Chen.  1985, 281, 317-347. 

(12) Werner, H. Pure Appl. Chem. 1982, 54, 177-188. 
(13) Cirjak, L. M.; Ginsberg, R. E.; Dahl, L. F. Inorg. Chem. 1982,21, 

940-957. 
(14) (a) Cirjak, L. M.; Huang, J.-S.; Zhu, Z.-H.; Dahl, L. F. J .  Am. 

Chem. SOC. 1980,102,6623-6626. (b) Olson, W. L.; Stacy, A. M.; Dahl, 
L. F. J.  Am. Chem. SOC., in press. 

(15) Rausch, M. D.; Genetti, J .  Org. Chem. 1970,35, 3888-3897. 
(16) Threlkel, R. S.; Bercaw, J. E. J.  Organomet. Chem. 1977,136,l-5. 

42-43. 

(17) Farrar, T. C.; Becker, E. D. “Pulse and Fourier Transform NMR”; 

(18) Byers, L. R.; Dahl, L. F. Inorg. Chem. 1980, 19, 277-284. 
(19) Germain, G.; Main, P.; Woolfson, M. M. Acta Crystallogr., Sect. 

A: Cryst. Phys. Diffr., Theor. Gen. Crystallogr. 1971, A27, 368-376. 
(20) Rae, A. D. “RAELS, A Comprehensive Least-Squares Program”, 

Univeristy of New South Wales, Kensington, 1976. Adapted for a Har- 
ris/’] computer by A. D. Rae, University of Wisconsin-Madison, 1980. 

(21) Calabrese, J. C. “MIRAGE”, Ph.D. Thesis, University of 
Wisconsin-Madison, 1971, Appendix 111. 

Academic Press: New York, 1971; p 61. 
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632 Organometallics, Vol. 5, No. 4, 1986 Olson et  al .  

Table I. Positional Parameters for 
Co(q5-C5Me5) (CH,CI) (CO )C1 

atom X 1' 2 

Col 
C11 
C12 
01 
c1 
c11 
Cl2  
C13 
C14 
C15 
C21 
C22 
C23 
C24 
C25 
C2 

Table 11. 

0.12205 (12) 
-0.12833 (24) 
0.32322 (36) 
0.3688 (9) 
0.2736 (11) 
0.2976 (9) 
0.1482 (9) 
0.0080 (9) 
0.0453 (9) 
0.2325 (9) 
0.4914 (9) 
0.1591 (10) 
0.1958 (9) 
0.0797 (10) 
0.3483 (10) 
0.1123 (10) 

0.25988 (7) 
0.33005 (14) 
0.07128 (19) 
0.33935 (58) 
0.30746 (67) 
0.21918 (54) 
0.16557 (53) 
0.23442 (57) 
0.33141 (54) 
0.32183 (54) 
0.17462 (57) 
0.05715 (59) 
0.21068 (62) 
0.42305 (57) 
0.40324 (57) 
0.14733 (62) 

0.03835 (15) 
0.10352 (33) 
0.31047 (41) 
0.4220 (11) 
0.2753 (14) 
0.1250 (11) 
0.2165 (10) 
0.2868 (11) 
0.2513 (11) 
0.1536 (11) 
0.0438 (12) 
0.2412 (13) 
0.3954 (13) 
0.3133 (12) 
0.0945 (13) 
0.1936 112) 

Selected Interatomic Distances and Angles for 
C (v5-C5MeS) ( C H d X  (COW1 (1 1 

Co-c11 2.053 (7) Cll-C12 
Co--C12 2.109 (7 )  C12-Cl3 
co-CI 3 2.100 ( 7 )  (2134'14 
Co--C11 2.135 (71 C14-Cl5 
CO-C15 2.111 ( 7 )  Cl5-ClI 

Co-ring (centroid) 1.71 C11GC21 
2.102 (av) 

Co-c1 1.775 (10) C12-C22 
C w C 2  1.991 (8) C13-C23 
co-c11 2.248 (2)  C14--C21 
Cl-01 1.117 (9) C15-C25 
C2-(112 1.803 (8) 

Co-C2-C 12  116.3 (.1) C11--Co-C2 
co-c 1-01 178.3 (8) C11-Co-Cl 

c 1-Co-CZ 
e1 l-cl2-Cl3 107.2 (6) C15-Cll-C21 
C12-Cl3-Cl4 108.8 (61 Cll-C12-C22 
C 13-C 14--C 15 107.6 (6) C 12-C 13-C23 

C15-C11--Cl2 108.2 (6) C14-Cl5C25 

B. Intramolecular Angles (deg) 

C14-Cl5-Cll 108.1 (6) C13-C14-C24 

107.9 (av) 

1.422 (9) 
1.413 (9) 
1.446 (10) 
1.396 (9) 
1.444 19) 
1.424 (av) 
1.499 (9) 
1.488 (10) 
1.492 (10) 
1.484 (10) 
1.504 (10) 
1.493 iav) 

86.4 (2)  
94.9 (3) 
89.3 (4)  

126.3 (6) 
125.5 ( 7 )  
125.7 (7) 
125.0 ( 7 )  
126.4 (7) 
125.8 (avl 

hydrogen coordinates) was obtained and held constant. In order 
to permit the refinement of the twofold-related orientations, the 
occupancy factors (initially 0.5) for the 30 methyl hydrogen 
positions were coupled with slack constraints involving equal and 
opposite change cards. This allowed the least-squares refinement 
to determine which of the twofold-related methyl hydrogen 
orientations was preferred. Full-matrix least-squares refinement 
of the least-squares model converged a t  R,(F) = 4.05% and R@) 
= 4.98%22-24 with no parameter shift-to-esd ratio being greater 
than 0.01. The standard goodness-of-fit was 1.33, while the 
data-to-parameter ratio was 907/150 = 6/1. Since the refined 
occupancy factors for the ten sets of methyl hydrogen positions 
converged to values of range 0.4-0.6, the refinement indicated 
no preferred orientation of the methyl hydrogen atoms in the 
independent pentamethylcyclopentadienyl ring. A final difference 
electron density map exhibited no unusual features. Atomic 

(22) The unweighted and weighted discrepancy factors used are R,(F) 

X 100. All least-squares refinements were based on the minimization of 
- lFc1212 with individual weights of w, = l/a*(F,,) assigned on the 

basis of the estimated standard deviations of the observed structure 
factors. The standard deviation of an observation of unit weight 
"goodness-of-fit") is defined by [CwillFol - ~ F c ~ ~ z / ( m  - n)]'.''. 

for the hydrogen atoms and those of Stewart et al.24b for the hydrogen 
atoms. Real and imaginary corrections for anomalous dispersionzk were 
included in the structure factor calculations. 

(24) (a) Cromer, D. T.; Mann, J. B. Acta Crystallogr., Sect. A: Cryst. 
Phys., Diffr . ,  Theor. Gen. Crystallogr. 1968, A24, 321-324. (b) Stewart, 
R. F.: Davidson, E. R.: Simpson, W. T. J .  Chem. Phys. 1965, 42, 
3175-3187. (c) "International Tables for X-Ray Crystallography": Ky- 
noch Press: Birmingham, England, 1974; Vol. IV. p 149. 

= [CIIFoI IFcII/EIFoII X 1Op ~ ~ R Z V )  = I I h i I I F o I '  - IFc12iZ/,C~iIFof1'2 

(23) The scattering factor tables used are those of Cromer and 

F igure  1. Configuration of the C O ( ~ ~ - C , M ~ ~ ) ( C O ) ( C H , C ~ ) C ~  
molecule of crystallographic C1-1 site symmetry. Thermal el- 
lipsoids are scaled to represent 20 % probability surfaces. 

2 2  1 W 2 2  1 W 

Figure  2. View of the Co($-C,Me,)(CO)(CHzC1)Cl molecule 
perpendicular to the mean plane of the C5Me5 ring showing its 
orientation relative to Co(CO)(CH,Cl)Cl fragment. 

coordinates from the last cycle of least-squares refinement are 
given for the non-hydrogen atoms in Table I, while selected 
interatomic distances and bond angles are given in Table 11. The 
positional parameters for the hydrogen atoms, the thermal pa- 
rameters for all atoms, and a listing of observed and calculated 
structure factor amplitudes are available as supplementary ma- 
terial. 

Results and Discussion 
Crystal and Molecular Structure of Co(q5- 

C5Me5)(CO)(CH,C1)Cl (1) .  (a) Overall Description. 
The crystal  s t ruc tu re  of 1 consists of discrete  molecules 
well separated f rom one  ano the r ;  the shor t e s t  intermole- 
cular con tac t s  exceed the s u m s  of appropr i a t e  v a n  d e r  
Waals a tomic  radii .  F igure  1 shows that the molecular 
conf igura t ion  expec ted ly  conforms t o  the well-known 
three- leg piano-stool M(q5-C5R5)L3 t y p e  of complex, as 
exempl i f ied  b y  Mn($'-CjH5)(C0)325 and Rh($-C5H5)- 
(CO) (CF2CF3)I.26 The formally t r i den ta t e  C5Me5 ligand 
and o t h e r  t h r e e  m o n o d e n t a t e  l igands  occupy a n  oc tahe-  

(25) (a) Berndt, A. F.; Marsh, R. E. Acta. Crystallogr. 1963, 16, 
118-123. (b) Fitzpatrick, P. J.; Page, Y. L.; Sedman, J.; Butler, I. S. Inorg. 
Chem. 1981,20, 2852-2861. 

(26) Churchill, M. R. Znorg. Chem. 1965, 4 ,  1734-1739. 
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Synthesis  of CO(S~-C~M~~)(CO)(CH,C~)C~ 

dral-like arrangement about the resulting chiral d6 Co(II1) 
center. The centrosymmetric symmetry necessitates a 
racemic mixture in the solid state. 

(b) The Pentamethylcyclopentadienyl Ligand. The 
reasonably small thermal ellipsoids of both the ring carbon 
and methyl carbon atoms (Figure 2) are presumed to be 
due to the marked damping effect of the methyl substit- 
uents on the librational motion of the ring carbon atoms. 
The C5Me5 ligand is symmetrically disposed relative to the 
Co(CO)(CH,CI)Cl fragment such that one ring carbon C12 
and its attached CH3 substituent C22 lie directly above 
the methylene carbon C2. A pseudo mirror plane passing 
through the cobalt and these three carbon atoms bisects 
the other four ring carbon atoms to give C11 and C13 as 
one mirror-related pair and C14 and C15 as the other pair. 

An examination of the C(ring)-C(ring) bond-length 
pattern and the perpendicular displacements of the ring 
carbon atoms from their mean plane reveals a small, but 
yet systematic variation of the ring from a regular pen- 
tagonal geometry toward an “allyl-ene” geometry with a 
slight bending distortion about the two terminal allylic ring 
carbon atoms ( C l l  and C13) away from the cobalt atom. 
Although on the borderline of statistical significance, the 
observed ring deformation in 1 is remarkably similar to 
that found for the ring carbons in C O ( ~ ~ - C , M ~ , ) ( C O ) ~ ~  (2), 
in which an electronically induced distortion of the cy- 
clopentadienyl ring toward an “allyl-ene” geometry was 
ascribed to its coordination with a metal atom which has 
a noncylindrically symmetric distribution of bonding or- 
bitals.la The observed pattern of C(ring)-C(ring) distances 
in 1 (with the corresponding distances in 2 given in par- 
entheses) is attributed to two adjacent “allylic” C11-Cl2 
and C12-Cl3 bonds of intermediate lengths 1.422 (9) and 
1.413 (9) A (vs. 1.407 (6) and 1.414 (6) A in 2) separated 
from the “ethylenic” C14415 bond of shortest length 1.396 
(9) A (vs. 1.392 (6) A in 2) by two longer Cll-C15 and 
C13-Cl4 bonds of lengths 1.444 (9) and 1.445 (10) A (vs. 
1.445 (6) and 1.447 (6) 8, in 2). Evidence for an analogous 
slight symmetrical puckering of the ring carbons in 1 and 
2 from planarity is given by the equivalent C11 and C13 
atoms in 1 deviating from the mean ring plane by 0.020 
and 0.016 8, (vs. 0.016 and 0.017 A in 2) toward the cobalt 
atom in contrast to the unique C12 atom deviating by 0.022 
A (vs. 0.021 A in 2) and the equivalent C14 and C15 atoms 
deviating by 0.004 and 0.010 8, (vs. 0.006 and 0.007 in 2) 
away from the cobalt atom. A virtually identical distortion 
(including a similar ring puckering) in the pentamethyl- 
cyclopentadienyl ring of Ru(v5-C5Me5) (CO), was recently 
reported by Lichtenberger et al.,’ As originally presented 
for 2, the slight ring puckering and small systematic var- 
iation of the C(ring)-C(ring) bond lengths in 1 from five- 
fold symmetry toward a localized ”allyl-ene” configuration 
are likewise ascribed to an electronic effect involving its 
noncylindrical bonding interaction with the asymmetrical 
Co(C0) (CH2Cl)Cl fragment by which the doubly degen- 
erate e, orbitals become nonequivalent in energy. A 
qualitative description of the net structure-bonding con- 
sequences of this removal of degeneracy of the e, orbitals 
in C O ( ~ ~ - C ~ H ~ ) ( C O ) ~  was presented by Byers and Dahl.18 
Their interpretation is in general agreement with a detailed 
electronic analysis of M(v5-C5R5)(C0), type complexes (M 
= CO, Rh; R = H, Me) put forth later by Lichtenberger 
et from their use of the nonparameterized Fenske-Hall 
MO on an idealized Rh(v5-C5H5)(CO), mole- 
cule. 29330 
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As in the case of Co(q5-C5Me5)(C0), (2), the five methyl 
carbon substituents in 1 are all bent back from the mean 
inner-ring plane away from the cobalt atom. The observed 
variations in the vertical displacements from the mean 
plane for 1 are not unlike the corresponding ones (whose 
values are enclosed in parentheses) found in 2-viz., 0.15 
A for C22 (vs. 0.13 A in 2), 0.03 and 0.08 A for C24 and 
C25 (vs. 0.09 A for both carbon atoms in 2), and 0.02 and 
0.09 A for C23 and C21 (vs. 0.07 and 0.09 A in 2). In 2, 
this small but definite bending back of the methyl sub- 
stituents was attributed (in the presumed absence of steric 
effects) “to a partial breakdown of the bonding orthogo- 
nality of the ring carbon atoms upon interaction of the 
CO(CO)~ fragment with the charge density on only one side 
of the ring”.18 In 1 intramolecular steric interactions be- 
tween the CH2C1 ligand and the methyl C21 and C22 at- 
oms may contribute significantly to their out-of-plane 
displacements. A similar deformation pattern of the 
methyl carbon atoms was found2’ in Rh(v5-C5Me5)(CO), 
and was interpretedz7 from electronic considerations to 
indicate the extent of rehybridization of the different ring 
carbon atoms. Considerably larger methyl carbon defor- 
mations observed in pentamethylcyclopentadienyl ligands 
of other transition-metal complexes were readily attributed 
to intramolecular steric crowding.31 

In contrast to 2, the Co-C(ring) distances in 1 do not 
significantly reflect the C5Me5 ring deformation. This is 
not surprising in light of the expected different bonding 
influence of the asymmetrical Co(CO)(CH,Cl)Cl fragment 
compared to that of the CO(CO)~ fragment. Four of the 
five Co-C(ring) distances in 1 vary between 2.100 (7) and 
2.135 (7) A with the other Co-C(ring) distance involving 
the C11 atom trans to the Co-Cl bond having a smaller 
value of 2.053 (7) A. These values and the Co-ring(cen- 
troid) distance of 1.71 8, are in good agreement with the 
Co-C(ring) distances determined in C O ( ~ ~ - C , M ~ , ) ( C O ) , ~ ~  
(of range 2.062 (4)-2.105 (4) A; Co-ring(centroid) = 1.70 
A) and in C O , ( ~ ~ - C , M ~ ~ ) , ( ~ ~ - C O ) ~ ~ ~  (of range 2.046 
(11)-2.126 (11) A; Co-ring(centroid) = 1.70 A). 

( c )  The Co(CO)(CH2C1)Cl Fragment. The Co-C2 
bond length of 1.991 (8) 8, for the chloromethyl ligand is 
within the expected range found for Co-C(alky1) bonds in 
other cobalt complexes-e.g., Co2(v5-C5H5),(p2-CO)2(~2- 
C3HJ3, (2.038 (4) and 2.044 (4) A), Co(PMe.J2(CH3),- 
(CH2P(Me)2CH2)33 (2.050 A for the two mirror-related 
Co-CH, bonds and 2.061 A for the two independent Co- 
CH2 bonds of the chelating dimethylphosphoniumbis- 
(methylide) ligand), and Co(3-F-Salen)(OH2)(CH2C(0)- 
Me)34 (2.01 (1) A). 

The Co-CO bond length of 1.775 (10) A is 0.22 A shorter 
than the Co-CH2C1 bond length. Although it is signifi- 
cantly longer than the Co-CO bond lengths of 1.724 (5) 
and 1.732 (5) 8, in Co(v5-C5Me5)(C0),, its value is com- 
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(34) Schaefer, W. P.; Waltzman, R.; Huie, B. T. J .  Am. Chem. SOC. 

1571-1579. 

1974, 107, 3706-3715. 

1978, 100, 5063-5067. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 1
5,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

13
5a

00
3



634 

parable to those found in a number of other cobalt car- 
bonyl complexes. The C-0 distance of 1.117 (9) A is on 
the short side of the expected bond length range for ter- 
minal carbonyl ligands. The infrared carbonyl stretching 
frequency of 2030 cm-’, which is unusually high for a 
carbonyl ligand terminally bound to a cobalt atom, is ra- 
tionalized in terms of a relatively small da[Co(III)] to 
a*(CO) back-bonding interaction. 

The Co-C1 and C-Cl bond lengths of 2.248 (2) and 1.803 
(8) A, respectively, are also normal. The three angles 
between the carbonyl, chloride, and chloromethyl ligands 
are all within 5’ of a regular value of 90°. 

Discussion of Synthesis, Overall Significance, and 
Physical Properties of C~(TJ~-C~M~~)(CH,C~)(CO)C~ 
(1) .  The markedly different reactivities exhibited by the 
basic d8 Co(1) Co(q5-C5R5)LL’ complexes (where L and L’ 
denote two-electron donors or an equivalent chelating 
ligand) with electrophilic organic halides demonstrate the 
subtle steric and electronic interrelationships that govern 
oxidative-addition chemistry.6J0-12 For example, the ex- 
change of a PMe, ligand for a carbonyl ligand in C0(q5- 
C5H5)(C0), dramatically alters the reactivity of this 
molecule toward methyl iodide., Replacement of both 
carbonyl ligands with the strongly donating PMe3 ligands 
results in a complex which is unstable in dichloromethane.6 

While a number of stable complexes of transition metals 
containing M’-CH2C1 bonds (where M’ denotes M0(q5- 
C5H5) (CO),, W (v5-C5H5) (CO),, or Fe(q5-C5H5) (C0),353) are 
known, there are relatively few cobalt complexes containing 
Co-CH2C1 To our knowledge, 1 is the first ex- 
ample of a dichloromethane oxidative-addition product 
isolated from a non-porphyrin cobalt(1) complex. Pro- 
duced by the photolytic reaction of CHPC12 with C0(q5- 
C,Me5)(CO)2 in diisopropyl ether, 1 is obtained (in good 
yield) as a pure red crystalline solid which precipitates 
directly from the diisopropyl ether. The success of this 
preparation was found to be critically dependent upon the 
solvent choice. Attempts to prepare the complex in al- 
ternative solvents (such as T H F  and CH,Cl,) were un- 
successful. The insolubility of 1 in diisopropyl ether ap- 
parently prevents its photodegradation. When extended 
photolysis times were used, the red crystalline solid 
gradually decomposed to a green insoluble p r e ~ i p i t a t e . ~ ~ ” ~  
Although the mechanism of this reaction is not known, it 
is presumed that the oxidative addition could likely pro- 
ceed by a free radial pathway with diisopropyl ether im- 
plicated in a radical chain reaction. 

Reasonably air-stable as a dry crystalline solid, solutions 
of 1 decomposed when brought in contact with moist air. 
Although reasonably stable in ordinary organic solvents 
(CH,C12, benzene), solutions of 1 in acetonitrile displayed 
a variety of colors with eventual deposition of a precipitate 
occurring over several days. Sequential ‘H NMR spectra 
of 1 in acetonitrile-d, changed from the initially simple 
spectrum analogous to that observed for 1 in benzene-d, 
(vide supra) to one of extreme complexity within a matter 
of minutes. 

While the instability of 1 in such a polar solvent is not 
unusual,38 the facile reactivity of 1 with acetonitrile as a 
nucleophile may involve three potentially labile substitu- 
tion sites on 1-viz., the carbonyl ligand, the cobalt-atta- 
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ched chlorine atom, and the methyl-attached chlorine 
atom. Extensive studies by Werner and co-workers6J0J1 
on the closely related Rh(q5-C5H5) (PMe,) (CH21)I demon- 
strated that nucleophilic substitution of the iodomethyl 
iodine atom can selectively occur to give stable ylidic 
[Rh(q5-C,Hs)(PMe3)(CH2L)I]+ monocations (where L = 
PPh,, AsPh,, P(i-Pr3), SMe,, NEt,). In reactions with 
methoxide or methyl mercaptide anions, the isolated 
products were the neutral monosubstituted Rh(q5- 
C5H5)(PMe3)(CH20Me)I or the disubstituted Rh(q5- 
C5H5)(PMe3)(CH2SMe)(SMe), respectively. 

Of particular interest is the dramatic difference between 
the stability in solution of the Co-CH,Cl bond in Co- 
(q5-C5Me5)(CO)(CH2C1)C1 (1) and that in Co(q5-C5H5)- 
(PMe,) (CH2C1)I. Whereas the latter complex, prepared 
by reaction of Co(q5-C5H5)(PMe3)(CO) with CH,ClI, is 
stable in crystalline form but only observed in solution at  
temperatures below -30 “C (above which elimination of 
CH, occurred to give Co(q5-C5H5)(PMe3)(Cl)I), the former 
complex 1 is not only relatively air stable as a microcrys- 
talline solid but also stable a t  room temperature in non- 
coordinating solvents (vide supra). This marked difference 
in stability emphasizes the considerable increase in elec- 
tron-donating ability of a C5Me, ligand vs. that of a C5H5 
ligand and the important influence that such an exchange 
can have with respect to the Co(III)-CH2C1 interaction in 
1. 

In addition to exploring the chemical reactivity of the 
above-mentioned three possible substitution sites on 1 by 
carrying out reactions similar to those performed by 
Werner and co-workers6J0J1 on Rh(q5-C5H,)(PMe3)(CH21)I, 
other potentially ifitriguing options include possible nu- 
cleophilic chloride substitution with organometallic anions 
which may provide a direct route to methylene-bridged 
heterometallic complexes and possible abstraction of 
chloride (or hydride) to yield a cobalt-carbene complex. 
The reaction chemistry of 1 has been briefly examined. In 
a room-temperature photolytic reaction of 1 with PMe3 in 
toluene, the two isolated products were formulated to be 
Co(q5-C5Me,)(PMe3)(CH,Cl)C1 and Co(q5-C5Me5)(PMe3)- 
C12 from ‘NMR and IR spectra. Analogues of these 
(pentamethylcyclopentadieny1)cobalt compounds have 
been previously isolated by Werner et these included 
the [Co(q5-C5Me5)(PMe,),I]+ monocation (obtained as the 
[PFJ salt) and Co(q5-C5Me5)(PMe3)(COMe)I which were 
prepared by reactions of methyl iodide with C0(q5- 
C5Me5)(PMe3), and Co(q5-C5Me5) (PMe,)(CO), respectively. 
Efforts to obtain a cobalt-carbene complex by reactions 
of both 1 and Co(q5-C5Me5)(PMe3)(CH,C1)C1 with silver 
salts were unsuccessful. 

Acknowledgment. This research was generously sup- 
ported by the National Science Foundation. We also wish 
to thank Ms. Kimberly A. Schugart for her efforts to isolate 
a cobalt-carbene complex and Dr. William H. Miles for 
helpful discussion concerning an NMR assignment. 

Registry No. 1, 99828-84-9; C O ( ~ ~ - C ~ M ~ ~ ) ( C O ) ~ ,  12129-77-0; 
CHzC12, 75-09-2; Co(q5-C5Me5)(PMe3)(CH2Cl)C1, 99828-85-0; 
Co(q5-C5Me5)(PMe3)C12, 99828-86-1. 

Supplementary Material Available: Tables listing the 
anisotropic thermal parameters for the non-hydrogen atoms, 
atomic parameters for the hydrogen atoms, and observed and 
calculated structure factor amplitudes for Co(q5-C5Me5)(CO)- 
(CH2C1)C1(8 pages). Ordering information is given on any current 
masthead page. 

(39) Werner, H.; Heiser, B.; Klingert, B.; Dolfel, R. J .  Organomet. 
Chem. 1982, 240, 179-190. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 1
5,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

13
5a

00
3


