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Summary: By use of the dippb ligand (dippb = 1,4-bis-
(diisopropylphosphino)butane) it is possible to effect the
synthetically useful Pd-catalyzed direct vinylation of aryl
chilorides; the reaction tolerates various substituents and
generally results in high yields. The reaction is very
sensitive to the nature of the chelating ligand, probably as
a result of the need for chelate opening to allow olefin
coordination and chelate closure to promote insertion.
Monophosphines are ineffective. A mechanistic scheme
is presented.

Palladium-catalyzed vinylation of aryl halides, also
known as the “Heck reaction”, is a useful synthetic method
for generation of carbon—carbon bonds. No other general
single-step method for accomplishing this transformation
is known. One limitation of this reaction is that aryl
chlorides are usually unreactive.! Various efforts to de-
velop synthetically useful vinylation reactions based on aryl
chlorides have resulted in low yields®? and low catalyst
stability.® A recent approach to solve this problem involves
a two-stage process based on Ni(II)-catalyzed substitution
of the chloride by iodide, followed by Pd-catalyzed viny-
lation.t We report here that direct vinylation of aryl
chlorides is possible in high yield in a single step. This
work also demonstrates a dramatic chelate effect on cat-
alytic activity.

We have recently discovered that the complex Pd-
(dippp); (1; dippp = 1,3-bis(diisopropylphosphino)-
propane) is an efficient catalyst for carbonylation® and
formylation® of aryl chlorides. Since the vinylation reaction
also involves oxidative addition of the aryl chloride, fol-
lowed by coordination of the unsaturated molecule and
insertion, we tried complex 1 as a catalyst for vinylation
of chlorobenzene with styrene. Surprisingly, no catalysis
was observed. Since 1 is known to undergo oxidative ad-
dition of chlorobenzene to yield the complex cis-(dippp)-
Pd(Ph)C1 (2),5 we assumed that the problem rests with the
insertion step. Indeed, 2 does not react with styrene (in
the presence or absence of triethylamine) even upon
heating at 150 °C in DMF (DMF = dimethylformamide).
Because the olefin insertion step is likely to proceed from
a 4-coordinate intermediate,’ i.e., it may require chelate
opening to allow for coordination of the olefin, we decided
to choose a larger diphosphine of similar steric properties
to facilitate this process.

Indeed, when dippb (1,4-bis(diisopropylphosphino)bu-
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Table 1

Pd(OA 2dippb
X—-@—CH :CH—O—Y

amt of
ArCH=
Y CHAL %°
X Y base solvent % cis  trans
H H NaOAc DMF 156 44 80
H H NaOAc¢ CH,CN 100 0 0
H H NEt; DMF 911 0.7 8.2
MeO H NaOAc DMF 78.8 2.2 19
H MeO NaOAc DMF 23 7 70
Me H NaOAc DMF 45 5 50
NO, H NaOAc DMF 65 89 846
PhCO MeO NaOAc DMF 0 3 97
CHO H NaOAc DMF 5 5 90

¢GC yields based on the aryl chloride. Reaction conditions: A
solution containing the aryl chloride (10.0 mmol), styrene (12.0
mmol), Pd(QAc); (0.1 mmol), dippb (0.2 mmol), base (10 mmol),
and 4 mL of solvent was heated at 150 °C for 24 h in a closed
vessel under nitrogen.

Table II
Pd(OAc); + L
Ph—Cl1 + PhCH=CH, PhCH=CHPh

amt of stilbene, %*°

L amt of Ph—Cl, % cis trans
dippb 15.6 4.4 80
dippp 97 0 3
dippe 100 0 0
dppe 83.4 1.6 15
iPr,P-nBu 85.0 3.0 12.
i-Pr;P 74.4 1.6 24

sReaction conditions as described in Table I, with sodium ace-
tate as the base and DMF as the solvent.

tane) is utilized in conjunction with Pd(OAc), and sodium
acetate in DMF, high-yield catalytic vinylation of chloro-
benzene is observed (Table I). Essentially the same results
are obtained when (dippb),Pd is used as a catalyst.

It is noteworthy that in contrast to the normal Heck
reaction conditions of aryl bromide and iodide vinylations,
which frequently utilize a tertiary amine as a base, very
little reaction is observed here with NEt,;. Also, changing
the solvent to CH;CN results in complete recovery of the
starting chlorobenzene. Both observations may be ra-
tionalized in terms of competition for a coordination site
between these good ligands and the olefin.

Various substituents can be utilized. Qualitatively,
electron-donating groups (Me, MeO) on the aryl chloride
result in slower reactions, whereas electron-withdrawing
substituents (NO,, PhCO, CHO) result in higher rates,
compatible with a rate-determining oxidative-addition
step. In accordance with this, a methoxy substituent on
the olefin has no significant effect. The formyl substituent,
which may be susceptible to side reactions such as the
base-catalyzed Cannizzaro reaction, is unaffected under
the reaction conditions.
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A striking chelate effect on catalytic activity is presented
in Table II. In contrast to the observed reaction with
dippb as a ligand, almost no reaction takes place when
dippp and dippe (dippe = 1,2-bis(diisopropyl-
phosphino)ethane) are utilized, whereas a low yield is
observed with monophosphines. In no case have we ob-
served catalyst decomposition and palladium metal for-
mation.

Some observations of mechanistic relevance are as fo-
lows. Pd(dippb), (3), which is present in solution in a
trigonal form, similar to the case for Pd(dippp)2,5 oxida-
tively adds chlorobenzene at 50 °C to yield in parallel
pathways cts-(dxppb)Pd(Ph)Cl (4) and trans-(dippb).Pd-
(Ph)Cl1 (5). 4 and 5 are in an equilibrium favoring 5.3° 5
reacts with styrene in DMF at 140 °C to yield stilbene
quantitatively, while cis-(dippp)Pd(Ph)Cl is inert under
these conditions.

A plausible mechanism is presented in Scheme I
Chlorobenzene oxidative addition probably involves a 14e
Pd(0) complezx, as has been shown for Pd(dippp)..® The
intermediate can be the chelated complex 6 and complex
7. Oxidative addition to 6 is expected to be faster than
to 7, due to the smaller P-Pd-P angle.!’ Chelate opening
in 4 or ligand dissociation from § will allow generation of
the 4-coordinate olefin complex 8. Olefin insertion in this
complex may be promoted by synchronous chelate closure.
B-H elimination followed by deprotonation completes the
catalytic cycle. The observed prominent chelate effect is
likely to be associated with both the oxidative-addition and
insertion steps. Dippe and dippp form stronger chelates
than dippb,’ rendering formation of an intermediate
analogous to 8 difficult. The advantage of dippb over
monophosphines probably lies in the faster oxidative ad-
dition to 6 and promotion of the insertion in 8 by the
potentially chelating dippb. Sterics or basicity is not re-
sponsible for this difference, since the ineffective iPr,P-
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nBu has a basicity and cone angle similar to those of
dippb.1!

In conclusion, the nature of the chelate may have a
dramatic effect on catalytic activity, allowing specific
catalyst tailoring. This is exemplified nicely in catalytic
reactions of aryl chlorides—the dippp ligand allows car-
bonylation® and formylation,® whereas dippb is specific for
vinylation. Chelating ligand effects in other palladium-
catalyzed reactions have also been reported.v12

Further studies aimed at evaluation of the scope (pri-
marily with regard to the olefin) and mechanism of this
synthetically useful vinylation reaction are in progress.
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