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Summary

Solutions of [{CsH;)3P]13CoCHj3 (1) in CsHsCl yield biphenyl, triphenylphos-
phine, methyldiphenylphosphine and diphenylphosphine. In 4-C1C;H,CH,,
4-methylbiphenyl and 4,4’-bitolyl form as well. Solutions of I in C¢H¢, CeDe,
C.HsCH,, CcHsBr vield only triphenylphosphine and biphenyl, while in
4-FC.H,I 4,4'-difluorobiphenyl is formed but no biphenyl. The cobalt com-
pound is recovered as (Ph;P),,CoX or as CoX, (X =Cl, Br,I,n =3 or 2) from
reactions with arylhalides. The results are rationalized in terms of the very
strong tendency for I to undergo oxidative addition reactions.

We recently described the decomposition of (Ar;P);CoCHj; (I) (Ar = CHs;
4-CH,C,H,; 3-CH3C¢H,) in THF and CcH;sCl solutions at low temperatures to
yield the corresponding biaryls ArAr [1]. It was suggested that triarylphos-
phine in I rearranged by a three-centered oxidative addition with consequent
coupling to biaryl by reductive elimination from a proposed g-arylcobalt inter-
mediate. Evidence was based on the conditions for biaryl formation, distribu-
tion of isomers, interference by complexing agents and crossover experiments.
Reactions of I with arylhalides and analysis of phosphines recovered from this
reaction now provide further support for this rationalization, and point to an
unusual rearrangement of the phosphine group.

Results and discussion

I was brought into reaction in a number of aromatic solvents and the results
as analyzed by GC-MS are listed in Table 1. C¢D¢ did not give any deuterated

* For part I see ref. 1.
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TABLE 1
ORGANIC PRODUCTS FROM REACTION OF 1 WITH AROMATIC SOLVENTS

Solvent Products

CoHp: CoDg biphenyl — —_ triphenylphosphine
CoHsCH3 biphenyl — — triphenylphosphine
CyH;5Cl1 biphenyl, diphenylpl'iosphine. methyldiphenylphosphine, triphenylphosphine
CeHs5Br biphenyl — — triphenylphosphine
FC,H31 — 4.4’-difluorobiphenyl — triphenylphosphine
CH3C,H,C1 ¢ biphenyl, diphenylmethane, 4-methylbiphenyl, 4,4 -bitolyl, triphenylphosphine

diphenylphosphine, methyldiphenylphosphine

2 Traces of m/c 182 and 196 detected by mass spectroscopy only. '

biphenyl, 4-FCsH,I yielded difluorobiphenyl but no biphenyl. The reaction of
I with C¢HsCl, CH3C¢H 4Cl, C(HsBr, FCH.I and other haloaromatic compounds
also yielded (Phs;P);CoX (II) (X = Cl, Br, I), (Ph5P),CoX (III) and CoX,. With
.CeHsCl, more than 24 h at room temperature, were needed to give detectable
amounts of II. In CH,CH,Cl, II and III formed within 3—4 h, while in C¢HsBr
and FC H.I reaction was immediate showing an instantaneous colour change
from red to green. In these two cases the reactions went as far as CoBr, or Col,
and free phosphine. .

The results with 4-CH;C¢H ,ClI are the most revealing. Both II, IIT and 4,4'-
bitolyl are apparently the products of an oxidative addition of the solvent to I
or to dissociated I (IV) (Scheme 1) in a manner often observed for such cases
[2], and which fits the order of reactivity I >> Br > Cl, followed by reductive
elimination. Methylbiphenyl! results from an effective combination of two pro-
cesses: addition of CH;C¢H,Cl to I and the above mentioned rearrangement of
triphenylphosphine in I. This observation further reinforces earlier indications
[1] that the latter rearrangement involves g-bonded phenylcobalt intermedi-
ates. (It should be noted that this implies that biphenyl from the reactions in
Ce¢H;Cl is also a ““‘crossed’” product.) Formation of diphenylmethane and the
products of m/e 182 and 196 which may be benzyltoluene and bitolylmethane
could imply insertion into methyl C—H bonds of chlorotoluene. However, as
shown previously, diphenylmethane is also formed in reactions carried out in
THF [1], and the present results show that, at least with C¢HsCH, and C¢D,
C—H bond cleavage in the solvent does not occur. The probable source of
methylene is the methyl group bonded to cobalt.

Most surprising is the formation of Ph,PCH; and Ph,PH in C{HsCl and
CH,;CH.CI. This suggested that the proposed 1,2 shift of a phenyl group from
phosphorus to cobalt is accompanied by a similar 1,2 shift of the methyl group
from cobalt to phosphorus. Precedents for such a process are not available to

‘the best of our knowledge, but a cobalt trimethylphosphine complex with a
fluxtional three centered-cobalt, phosphorus, carbon-structures has been
described [3], and may be analogous to the present case. Our reaction may be
related to the concerted double 1,2 shifts recently reviewed and categorized as
“dyotropic shifts’ [4] although there is no evidence for this. The “dyotropic
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SCHEME 1. SEVERAL POSSIBILITIES OF OXIDATIVE ADDITIONS WITH I

Dissociation [1]

(PhyP)yCOCH,

PP +  (Ph3P);CoCH3
(1) (D (Or a dimer)

Rearrangement [1]

- Tphg PPh, thFl'CHa
== |y == OX ] === O
PPh, PPh

Ppn3 3

Internal reductive elimination

I¥ — = PhPh -+ PnhCHy"

External oxidative addition Reductive elimination
L Ar
I or ™W + ArX ———== Pn—C~CQo — ArPh + Arar -+ LaCox + CoX,
X N xx
L + PhgP  +  PR,PCH3** +  PnyPH
L = Phosphine ligand ; Ar = aryl group.

¥ The formation of toluene has been claimea [7]
XX In CgHsCl and CH,CgHsCl

shifts” include examples of shifts in organometallic complexes of iron and
cobalt.

Diphenylphosphine could form from similar hydride shifts. Hydridocobalt
species are likely to be present as a result of « elimination from the cobalt
bonded methyl [5], (e.g., formation of diphenylmethane), or possibly from
B metallation of the phosphines [6].

It seems that in C¢HsCl and CH,C,H ,Cl the various competitive processes are
balanced in such a way as to yield all the possible products. In C¢HsBr and
FCH.I the oxidative addition by solvent to I is extensive enough to yield Ii,
II1, CoX, along with triphenylphosphine and either biphenyl or difluorobi-
phenyl as the exclusive organic products. Since with II, rearrangement of the
phosphine ligand does not occur [1], formation of biphenyl or fluorobiphenyl
in FCH.I or of rearranged phosphines in FCH, I and C(HsBr cannot be
expected. The absence of rearranged phosphines in C;H, and CH,CHs is not
yet understood.

In Scheme I the results are rationalized in terms of a series of the various oxi-
dative additions which we believe represent the dominant feature in the chemis-
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try of I. Dissociation of I, which was demonstrated by 3'P and 'H NMR studies
[1], yields a coordinatively unsaturated species (IV) (perhaps as a dimer),
which should be highly prone to oxidative addition either internally by the
shift of phosphine ligands and methyl groups or externally by reaction with sol-
vents.

Several aspects of the chemistry of I have been described elsewhere [7,8],
but were left partially unexplained; for example, the formation of toluene and
benzene in appreciable yields. The course of reactions proposed in Scheme I
suggests that their formation is similar to that of biphenyl. The observation
that toluene is formed in preference to benzene is also in agreement with our
observations that hydrogen transfer takes place to a smaller extent, as con-
cluded from the ratios Ph,PCH,/Ph,PH. The account presented here outlines
the main features in the chemistry of I, but obviously individual cases must be
further studied. Variations in experimental conditions may also strongly influ-
ence the nature of the cobalt-containing residues which are eventually isolated.

Experimental

General

All reactions were run under argon with dry solvents and equipment. GC
tests were carried out on a Baker 720 chromatograph, GC-MS on a Varian MAT
12 spectrometer with electron ionization at 70 eV. Copper tube coluins on
which phosphines were eluted in very broad undetectable peaks [1] were
replaced by glass and teflon columns, charged with 10% SE-30 at 160°C.

Reaction of I with aromatic and haloaromatic solvents

A sample of dry I [1] (~3—5 g) was dissolved in the corresponding solvent
(3 fold molar excess) at —20°C and kept under stirring at room temperature for
24 h. The mixture was hydrolysed with 2.2 N HCI and the organic products
extracted with hexane and dried. The extract was chromatographed on a silica
column, 2.5 X 10 cm, to separate cobalt salt residues and three fractions of
hexane eluant, 300 cm? ea., collected. The products were mostly concentrated
in the first one together with unreacted aromatic solvent.

a. C¢HsCl: Analysis by GC and GC-MS (as below) showed the formation of
biphenyl, triphenylphosphine, diphenylphosphine and methyldiphenylphos-
phine in molar ratios of ~1 : 1 : 0.2 : 0.1. In several runs the formation of
small quantities of the green compound {Ph;P);CoCl was observed after 24 h.

b. 4-CHLC¢H ,Cl: The product mixture separated on 10% SE-30 at 160°C,
35 cm?3 min~! showing relative retention volumes: biphenyl (370), diphenyl-
methane (455), 4-methylbiphenyl (585), traces of m/e 182 (595), diphenyl-

- phosphine (760), 4,4 -bitolyl (890), traces of mfe 196 (900), methyldiphenyl-
phosphine (1000). { The normalized value of 1000 equals 35 min at the men-
tioned conditions.] Molar ratios in that order were 3 : 0.5 : 1 : trace : 0.4 : 1 :
trace : 1.5. Triphenylphosphine was eluted last after elevating column temp. to
185°C. Peak intensities were corrected by calibration curves to obtain molar
ratios. All compounds were compared (retention time and mass spectrum) with
authentic materials. The phosphines were further identified by TLC on silica
plates with CHCl, and CHCl;/C,HsOH as solvents.
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The mass spectral data of the products are as follows (in/e (rel. int.)):
Biphenyl: 155 (12); 154* (100); 153 (42); 152 (28); 76 (15); Diphenylmeth-
ane: 169 (10); 168™ (100); 166 (20); 165 (50); 164 (10); 155 (5); 154 (30);
153 (54); 152 {50);151 (5); 138 (5);128 (5); 115 (10);91 (25); 76 (10). Meth-
ylbiphenyl: 169 (15); 168" (100); 167 (85); 166 (10); 165 (31); 154 (5); 153
(25); 152 (28); 151 (6); 141 (4); 139 (5); 105 (11); 91 (7); 77 (3); 16 (45).
Diphenylphosphine: 188 (1.7); 187 (4.4); 186* (32); 183 (7); 152 (6); 109 (9);
108 (100); 107 (43); Bitolyl: 183 (19); 182" (100); 181 (44); 168 (12); 167
(94); 166 (44); 165 (63); 153 (12); 152 (31); 151 (6). Methyldiphenylphos-
phine: 201 (60); 200™ (75); 199 (38); 185 (50); 184 (15); 183 (100); 152 (48);
121 (23); 115 (17); 107 (17); 92 (21); 91 (22); 717 (20); 76 (50).

¢c. CiH, C HsCH,, C.D,: The only products recovered were bipheny! and tri-
phenylphosphine. No deuterium containing products were detected from CgDs.

d. C¢HsBr: Only biphenyl and triphenylphosphine were observed.

e. FCH,I: The only product detected in GC and GC-MS was 4,4 -FC4H ,Ce-

H,F. m/e (rel. int.): 191 (20); 190" (100); 189 (40); 188 (33); 95 (20); 94 (28);
'H NMR 6 (ppm): 6.92 (triplet, J 9 Hz), 7.3 (quartet, J 7 Hz and 2 Hz,
aromatic AB further split by '°F).

Cobalt containing products

Small amounts of a green precipitate formed from reactions in CJ{SCI after
24 h or more. Larger amounts formed in CH,C HCl after 3—4 h. and immedi-
ate quantitative transformation of I to a green precipitate took place in C¢HsBr
and FC¢H,IL. To isolate the products, the reaction mixtures were filtered under
Ar without hydrolysis and the solids washed with ether. Extractions with cold
ethanol separated a green residue of (Ph;P);CoX (I1) [9] or [(Ph;3P).CoX],, (III)
X = Cl, Br, n 2 2, and a blue solution which on evaporation yielded large crys-
tals of triphenylphosphine and CoX, (X = Br, I) in the blue ethanol saturated
form, which in water dissolved to yield the pink CoX, form. The yields and
relative quantities of II, III and the cobalt salt varied in different runs.

From C¢HsCl and CH,C¢H,Cl, mostly II was detected, but the green cobalt
complex from CHsBr was mainly III. Found: C, 64.7; H, 4.85; Br, 11.8; P,
10.2; C3H;,P,CoBr caled.: C,65.0;H, 4.5; Br, 12.0; P, 9.5%. From FC,H,I mostly
cobalt iodide and phosphine were collected after ethanol washing.
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