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Both C—Cl bonds of CH,Cl, are readily activated by CoCl, and
metallic Zn allowing quantitative methylation of phosphines;
unprecedented zwitterionic Co(i1) and Zn(11) intermediates have
been characterized which display a-metallated phosphoniums.

The activation of the relatively inert C—Cl bond of chloroalkanes
represents a considerable challenge of chemical and environ-
mental relevance.' It would be particularly desirable to use the
carbon moiety of a chloroalkane for alkylation chemistry.
Activating both C-Cl bonds of a gem-dichloroalkane represents
an additional difficulty and whereas CH,Br,, CH»I, or CH,CII
are used in e.g. Simmons—Smith cyclopropanation,” the cheaper
CH,Cl, is far less exploited,3 because of its much lower reacti-
vity. Thus, the recently reported activation of the C—Cl bonds of
CH,Cl, in the presence of pyridine and Ni(0) nanoparticles
required 100 °C and 10 h reaction time.* As part of our studies
on the coordination chemistry of P,O- and P,N-functional
phosphines,”> we were interested in isolating Co(1) com-
plexes, inter alia because of their possible involvement in the
cobalt-catalyzed homogeneous carbonylation of methanol,®
and unexpectedly discovered that CH,Cl, can be used as a
methylation reagent under mild reaction conditions.

In an attempt to synthesize Co(i) complexes bearing the

phosphinooxazoline thPCHzé EZNCH2CH26 (14y) or its thio
analog thPCHzg EZNCHZCHzg (1) (Scheme 1), which have

.
PPh, PMePh,
1 1) CoCly/CH,Cly, /(

30 min. -
E”N —— E"SN—2ZnCl3

\/ 2)Zn,48h
3) hydrolysis
E=0 (1o

E=S (1tn)

E =0 (2%
E =S (2tn)

Scheme 1

Laboratoire de Chimie de Coordination, Institut de Chimie

(UMR 7177 CNRS), Université Louis Pasteur, 4 rue Blaise Pascal,
67070 Strasbourg Cedex, France. E-mail: braunstein(@chimie.u-strasbg.fr;
Fax: +33 (0)3 9024 1302

+ Electronic supplementary information (ESI) available: Supplementary
X-ray structures, crystallographic details, VI NMR spectra, experi-
mental procedures and spectroscopic data. CCDC 697021-697024,
697025 (5-1/2C¢H 4), 697026 (24x), 697027 (24,), 697028 (4), 697029
(4-ZnCly) and 697030. For ESI and crystallographic data in CIF or
other electronic format see DOI: 10.1039/b817728¢g

i Current address: Key Laboratory of Engineering Plastics and
Beijing National Laboratory for Molecular Science, Institute of
Chemistry, Chinese Academy of Sciences, Beijing, 100190, China.

a rich chemistry,” anhydrous CoCl, was reacted with these
ligands and Zn powder in CH,Cl,, ina 1 : 1 : 1 molar ratio.
Unexpectedly, complexes 2,y and 2, respectively, were isolated
(Scheme 1), in which the zinc ion is coordinated by three

chlorides and an N-bound thp*(Me)CHzézNCHZCHZE)
cation (Fig. 1).§ Phosphorus methylation has resulted in a
phosphonium cation associated with a negatively charged
ZnCl; group in a zwitterionic complex.

Although related chemistry has been observed with cobalt, it
required the use of highly sensitive Co(0) tetraphosphine com-
plexes, produced in situ by reduction of Co(i) with Mg, and
afforded a maximum theoretical yield of 50% based on
phosphine.® Our results prompted us to attempt to (i) generalize
this reaction to other phosphines and (ii) establish the origin of
the methyl group, CH,Cl, being the obvious suspect. Phosphines
P(n-Bu);, PMePh,, PMe,Ph and PPh; underwent methylation
under the conditions used for 2, and 24 and quantitative
formation of cobalt metal was observed, according to [eqn (1)]:

2CH,Cl, + 2PR; + 2CoCl, + 4Zn + 2H,O
— (R;PMe)»(ZnCly) + Zn(OH), + 2ZnCl, + 2Co (1)

When the reaction was performed in CD,Cl,, the phosphonium
cations PhsP"CD; and Ph;P"CD,H were obtained after
hydrolysis with D,O or H,O, respectively, confirming that
CH,Cl, is the methylating agent.

With MeCN as co-solvent, an intermediate of [eqn (1)] could
be crystallized, [Zn(p-Cl)CI(CH,PPh3)], (4), in which each

Fig. 1 ORTERP plot of the X-ray structure of 2,y. Ellipsoids at 50%
probability level. Aromatic and oxazoline H atoms not shown for
clarity. Selected bond distances (A): Znl-N1 2.051(2), Znl1-CI3
2.2409(8), Zn1-Cl1 2.2562(8), Zn1-CI2 2.2614(8), N1-C2 1.270(3),
P1-C5 1.786(3).
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Fig. 2 ORTERP plot of the X-ray structure of 4 (top) and structural
diagram of the X-ray structure of 4-ZnCl, (bottom). For 4.ZnCl,, the
asymmetric unit is delimited by dashed lines, the polymer repeating
unit by black lines. Ellipsoids at 50% level. Selected distances for
4 (A): Zn1-C12.025(2), Zn1-Cl1 2.3505(6), Zn1-CI2 2.2491(7), C1-P1
1.752(2). Similar values are found in 4-ZnCl,.}

metal centre is ¢ bound to the CH, carbon of a PhyP " CH,-
group and coordinated by three chlorides, two of them bridging
the tetrahedrally coordinated metal centres. Under anhydrous
conditions, 4 is the only P-containing species detected after
reaction and is isolated in high yields. In pure CH,Cl,, non-
solvated ZnCl, forms with 4 the unprecedented coordination
polymer [4-ZnCl,], (Fig. 2 and ESIY).§ In the di-zwitterionic
complex 4, the positive and negative charges are on the
phosphorus and the Zn,Cly core, respectively. Similarly,
4-ZnCl, is a poly-zwitterion. To the best of our knowledge,
only two structures related to 4 have been reported for
zinc.’

Addition of HCI or water to a solution of 4 readily afforded
the phosphonium salts (Ph;PCH3),(Zn,Clg) and (Ph3;PCHj3),
(ZnCly), respectively (crystal structures in ESIf). Similar
chemistry was observed for PMePh,, PMe,Ph and P(n-Bu);.
Although the presence of Co(i1) prevents NMR monitoring of
the reaction of [eqn (1)], we suggest that complexes
[CoCly(PR3),] are formed first and consistently, [CoCl,(PPhs),]
reacted with Zn and CH,Cl, to form 4 and, upon hydrolysis,
PhsP*CH;.  After reduction of [CoCL(PPhs),] to
[CoCI(PPhs)s],'° oxidative-addition of CH,Cl, could afford the
transient species [Co™Cl,(CH,CI)(PR3)5], by analogy to related
Rh(1) systems (Scheme 2).'' Similarly, oxidative-addition of
aromatic C—Cl bonds to Co(1) results in octahedral Co(i)
complexes.'?> Coupling between the ligands PR; and ~CH,Cl
would then afford the metallated -CH,P " R5 group, as observed
with rhodium.'® An intermolecular coupling is less likely since
when the PR;3:Co ratio was reduced to one, no appreciable
change in reactivity was observed. Finally, reduction and trans-
metallation from Co to Zn would yield 4 (Scheme 2, path A) and
restore the Co(11) reagent, which is in turn reduced by Zn to the
active species [CoCl(PPhj);]. This cyclic reaction may be viewed

27n
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Scheme 2 Suggested pathways for CH,Cl, activation and phosphine
alkylation.

as catalytic in cobalt. A PR3 : Co ratio higher than 3 was found
detrimental for a complete conversion.

In a separate experiment (Scheme 2, path B), a solution of
[CoClI(PPhj3);] in CH,Cl, became blue within a few minutes
under nitrogen, indicating oxidation to Co(i). The highly
reactive, zwitterionic complex [CoCl,(CH,PPh3)PPh;] (5)§
was crystallized from the mother liquor. Its metal centre is
tetrahedrally coordinated by PPh;, CH,PPh; and two
chlorides (Fig. 3). [CoCl,(PPhs),] and PPhj are by-products
of this reaction. The Co(1n1) intermediate (Scheme 2) is reduced
by the Co(1) complex (comproportionation), rather than by Zn
metal, which is absent in path B.

Fig. 3 ORTEP plot of the X-ray structure of 5 in 5-1/2C¢H4.
Ellipsoids at 50% level. Selected distances (A): Col-C1 2.040(6),
Col-Cll 2.227(2), Col-CI2 2.235(2), Col-P2, 2.407(2), C1-P1
1.738(7).
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The reaction between [CoCl(PPh;);] and CH,Cl, (Scheme 2,
path B) can thus be written as follows:

2[CoCl(PPhs)s] + CH,Cl,
+ [CoCly(PPhs),] + 2 PPhs 2)

Since neither ZnCl, nor Zn are present in [eqn (2)], hypo-
thetical Zn carbenoids, often invoked in the activation of
dihalomethanes,'* are not involved here, although a carbene
intermediate has been suggested in the reaction of Cr(i)
complexes with CH,CL,.'* In the CH,Cl,-based methylation
of ketones with a Mg-TiCly-based system,l(’ no intermediate
has been isolated. Our cobalt-based system thus involves steps
closer to those suggested with the noble metals Rh(1), Ru(ir)
or Os(ll),13‘17 which, however, only led to stoichiometric
reactions.'® In our case, Zn restores the active Co(1) species
and allows the quantitative methylation of all the phosphines
present. Formation of P—C bonds assisted by cobalt com-
plexes has been reported from the attack of dibromo- or
di-iodomethane on dinuclear phosphides.'® Whereas oxidative-
addition of organic chlorides to Co(1) complexes has been
reported,'? only one chloro, chloromethyl complex has been
characterized from the photoassisted, oxidative-addition of
CH,Cl, to Co(1).%° Although the chemistry of [CoCl(PPhs)] has
been intensively explored,! it is surprising that, to the best of our
knowledge, its fast reaction with CH,Cl, has never been discussed.

We have shown here that CH,Cl, can be readily activated by a
cheap metal, without the need for an external Cl-abstracting
reagent, and exploited for phosphorus methylation. The reaction
involves easily accessible reagents and allows methylation of PPh;
by CH,Cl,, CoCl, and Zn to be carried out under air, in contrast
to reactions involving Co(0) precursors.® The phosphonium salts
produced are well-known precursors to e.g. the very important
class of phosphorus ylids. Our reaction appears general for
aromatic and aliphatic phosphines, since variation of their stereo-
electronic properties did not result in appreciable differences in
reactivity. We have thus shown that challenging transformations
considered limited to noble metals can be observed or even
improved using a much cheaper metal such as cobalt.
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20.439(3), ¢ = 21.995(3) A, o = 63.454(3), B = 86.058(9), y =
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