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Alkene-Directed Regioselective Nickel-Catalyzed Cross-Coupling of
Cyclic Anhydrides with Diorganozinc Reagents™*
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Substrate-directed reactions are a mainstay of organic
chemistry. Numerous transformations are susceptible to
direction by a resident functional group,! with the majority
involving the assistance of a Lewis basic group, such as an
alcohol, carbonyl, or imine, or a hydrogen-bond donor, such
as an alcohol. Examples where olefins provide a directing
effect are far fewer, despite alkenes having a greater func-
tional-group tolerance than typical Lewis bases*" In a
seminal report, Marek, Beruben, and Normant showed that
a pendant terminal alkene promotes diastereoselective allyl-
zincation of a second alkene.” Krafft, Jamison, and Hoveyda
and their co-workers have subsequently documented terminal
olefin effects on palladium-catalyzed allylic alkylation,?!
nickel-catalyzed reductive alkyne aldehyde coupling,™! and
asymmetric ruthenium-catalyzed ring-opening metathesis/
cross-metathesis?!, respectively. These important early stud-
ies have shown that an alkene can direct the outcome of a
chemical reaction, but in these studies, the structural features
responsible for these effects were not established. In partic-
ular, complex systems may have more than one alkene
present and it may be necessary to understand the relative
ability of olefins, terminal and internal, to direct reactivity in
such transformations. Herein we report the nickel-catalyzed
regioselective olefin-directed cross-coupling of anhydrides
with diorganozinc nucleophiles, and illustrate the relative
propensity of several different olefins to direct the alkylation.

We have reported that nickel complexes catalyze the
cross-coupling of cyclic anhydrides with diorganozinc
reagents.[! The reaction is accelerated by the addition of
styrenic olefins, and follows the precedent of Knochel et al.’)
We have recently determined that the use of an exogenous
styrenic additive in catalytic amounts results in a four-fold
rate increase, [Eq. (1), Scheme 1]." In the absence of these
styrenic promoters, significant enhancement of reactivity is
observed when the substrate contains an olefin in the
backbone [Eq. (2), Scheme 1]."! This effect is attributed to
intramolecular activation of the nickel center through olefin
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Scheme 1. Three alkene effects that lead to a directed reaction.
cod =1,5-cyclooctadiene.

coordination. Mechanistic investigations involving nickel(0)—
phosphinooxazoline catalysts reveal a profound dependence
on added alkene and point to rate-limiting oxidative addition,
a step apparently accelerated by the added olefin.[®!

To further investigate this effect, we prepared a series of
anhydrides to which an olefin promoter is appended. We
hypothesized that by tethering an olefin to the anhydride, we
could affect regioselective alkylation through olefin-directed
nickel insertion and subsequent cross coupling [Eq. (3),
Scheme 1]. Successful implementation of this strategy would
provide an opportunity to examine the relative directing
effect of different olefins, a finding which could have
ramifications on synthetic planning involving other metal-
catalyzed reactions.

This work takes advantage of extensive studies performed
on the ring-opening metathesis/cross metathesis (ROM/CM)
of norbornenyl systems, which includes an asymmetric
variant.®!  Commercially available cis-5-norbornene-endo-
2,3-dicarboxylic anhydride (1) undergoes ROM/CM with
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terminal olefins to afford a number of substrates [Eq. (4)]. In
this manner, substrates with varying substitution patterns on
the disubstituted alkene may be generated, including those
bearing silyl, stannyl, ketone, and allyl ether residues.

PCy; .
0 Clle\Jq =y 0 10mol% [Ni(cod)] = H O
L pn - EtZn THF,0°C
PCys Et (4
H Ar/\ \ then Me,SiCHN, \ COMe
0 S H S H
/4 (e} /4
1 Ar 2a Ar 3a
Ar = 4-FCH, Ligand
7\ — [ X bipy 67:33
_ N/ - pyphos 99:1
N N N PPh, none 99:1 (99% vyield)

bipy pyphos

After screening conditions using 2a, we found that
[Ni(cod),] in the absence of added ligand affords the alkylated
product in high yield and excellent regioselectivity. The use of
2-diphenylphosphinoethylpyridine (pyphos) as a ligand gives
identical results, while bipyridyl (bipy) results in lower
selectivities.”! The presence of styrene has a modest effect
on regioselectivity: the use of 20mol% as an additive
provides slightly reduced 92:8 regioselectivity while five
equivalents relative to substrate
still affords 90:10 selectivity. The
resident olefin appears to largely

override the effect of exogenous = 4 0

H o

alkene.

To confirm the identity of the
major product, the ketoacid 3aa
derived from 3a was subjected to R

[~ 2

= e} I, Kl
: H NaHCO,
Et e (5)
CH,Cl,
¥ T~CO,H
S H
/4 3aa
4-FC(H, 4F-CH, 5%

resulting in formation of the desired coupling product in 79 %
yield and high selectivity (Table 2, entry 5).

To further test our hypothesis that olefin coordination
dictates regioselectivity, we conducted several control experi-
ments. Anhydride 6 was synthesized from the exo diastereo-
mer of 1, having the olefins in a trans relationship to the
anhydride moiety. Subjection of 6 to the standard alkylation
conditions affords less than 5% yield of the cross-coupled
product 7 [Eq. (6)]. This result is in contrast with the high
yield and regioselectivity obtained with diastereomeric anhy-

o}

Q_: H
e .
b Y TTCOMe
— 0 =

e Y

Ar = 4-FC.H, <5 % yield

10 mol% [Ni(cod),]

= oH 2
3 Et,Zn, THF, 0 °C

then Me,SiCHN,

Table 1: Substrate scope in the alkylation of 2 to 3.
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then Me;SICHN,

iodolactonization [Eq. (5)].l) An

Entryl! R
X-ray crystal structure of the prod-

Yield [%];
regioselectivity

Entryl? R Yield [%];

£l regioselectivity

[b]

uct 4 (see the Supporting
Information) indicates that alkyla-
tion occurs with apparent direction
by the terminal olefin. Cyclic anhy-
drides bearing a variety of different
substituents undergo regioselective 1
alkylation in good yields, with good
to excellent regioselectivities
(Table 1). Of note is the tolerance
of the reaction to various substi-
tuted olefins, including styrenes,
aliphatic alkenes, and allyl stan-
nanes. It appears that steric factors 4
govern selectivity; in all cases alky-
lation occurs on the side of the %
terminal alkene. 5
Other diorganozinc nucleo-
philes behave analogously. Treat-
ment of anhydride 2a with Me,Zn, 6
iPr,Zn, and Ph,Zn affords the cor-

&)
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cis (h)
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SnBu,
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£
50; 98:2 12 ("
OTBS
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responding alkylated products with
high regioselectivity (Table 2). The
functionalized zinc homoenolate!""!
is also a competent nucleophile,
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[a] All reactions conducted in the presence of [Ni(cod),] (10 mol %) and Et,Zn (1.7 equiv) at 0°C in THF
for 12 h unless otherwise indicated. TMS=trimethylsilyl, TBS = tert-butyldimethylsilyl. [b] Regioselec-
tivity determined by GC analysis unless otherwise indicated. [c] Regioselectivity determined by '"H NMR
spectroscopy. [d] [Ni(acac),] (10 mol %), Et,Zn (2.0 equiv) at 0°C in THF for 30 min.

Angew. Chem. Int. Ed. 2007, 46, 9301-9304

--------------------- - Take advantage of blue reference links sssssssmssmssmssmsmmmzzssees



http://www.angewandte.org

Table 2: Zinc nucleophile scope.

= 4 0 10 mol% [Ni(cod),] =y 9
; R,Zn, THF, 0 °C CIf‘\R
o
N then Me;SiCHN, N CO,Me
— H o = "
2a
3a, 5
F F
Entry® R Yield [%)] Regioselectivity!
1 Me (5a) 94 92:8
2 Et 3a) 99 99:1
3 iPr (5b) 55 95:5
4 Ph (5¢) 86 87:13
5 (CH,),CO,Et (5d) 79 90:10

[a]-{c] See footnotes of Table 1.

dride 2a. We hypothesize that the olefins of 6 are unable to
simultaneously ligate the nickel center and direct the
insertion into the anhydride, rendering the reaction extremely
sluggish. Unlike the parent reaction with nickel and bipy,
alkylation of a substrate lacking a resident olefin does not
proceed under these conditions [Eq.(7)]. The lack of
reactivity of anhydrides 6 and 8 suggests the presence and
placement of the olefin are crucial for reactivity.

™ oy 0 10 mol% Nifcod)] =
; Et,Zn, THF, 0 °C 2
o 2 . Et (7
\ then Me,SICHN, Y T-Cco,Me
H S H
Ar 8 Ar 9
<5 % yield

In the absence of terminal olefins, internal alkenes also
direct the alkylation reaction. We subjected various anhy-
drides from Table 1 to monoreduction conditions!"” to afford
10 (Table 3). Only modest regioselectivities (75:25) are
observed in alkylation of anhydrides 10 using conditions
optimized for anhydrides 2. These selectivities are signifi-
cantly improved with [Ni(acac),] as a precatalyst (Table 3).
Direction now occurs with regiocomplementarity to the
parent substrate, 2a, affording the product of apparent
direction by the substituted olefin (Table 3). Successful
alkylation of 10e is particularly interesting, as Tolman has
shown that bulky trans olefins are among the most weakly
binding alkene ligands for nickel(0).!"*!

This transformation is also capable of distinguishing
between two terminal olefins differentiated by a single
methylene spacer. Substrate 12 provides a cross-coupled
product consistent with the alkylation event directed by the
proximal olefin [Eq. (8)].

= 4 0 10 mol% [Nicod),] == y §
: Et,Zn, THF, 0 °C /
) then Me,SiCHN, b CO,Me
o}
/// 12 /// 13

45 % yield, 80:20
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Table 3: Substrate scope of monoreduced anhydrides.
™ nu O 10 mol% [Ni(acac),] 3

TR H
Et,Zn, THF, 0 °C / CO.Me
0 ) Et
s then Me3SiCHN, H

H
= o = o
R// 10 Y
Entry® R Yield [%)] Regioselectivity®
o

X
1 X=F (a) 98 >95:5

X=H (b) 86 >95:5
3 X=O0OMe (c) 81 >95:5

%

4 O/ © 77 >95:5
5 Ph ¢ (g) %2 >95:5
6 BnO % (m) 65 86:14

[a] All reactions conducted in the presence of [Ni(acac),] (10 mol %) and
Et,Zn (2.0 equiv) at 0°C in THF for 1 h. Bn=benzyl. [b] Regioselectivity
determined by "H NMR spectroscopy.

Importantly, this methodology is not limited to bicyclic
anhydrides, such as 2. Subjecting commercially available 2-
octen-1-ylsuccinic anhydride (14) to standard alkylation
conditions followed by esterification provides the desired
keto ester 15 in quantitative yield and high regioselectivity
[Eq. (9)].'"" In addition to succinic anhydrides, the corre-

10 mol% [Ni(acac),]

\5 4\ 0 12 mol% pyphos \(\ 4\ o 9
it Et ©)
0O Et,Zn, THF, 0 °C
then Me;SICHN, CO,Me
140 15

99 % yield, 80:10

sponding allylated glutaric anhydrides also undergo a similar
directed cross-coupling reaction. Subjecting 2-allylglutaric
anhydride (16) to the standard reaction conditions provides
the ketoester 17 in high yield and high regioselectivity

[Eq. (10)].

0 10 mol% [Ni(acac),] 0]

12 mol% bipy
A (o) —0> Et

Et,Zn, THF, 0 °C
O then Me;SICHN, |

oMe  (10)

17
99 % yield, >95:5

16

In summary, we have developed a catalytic regioselective
alkylation of asymmetric succinic and glutaric anhydrides
directed by resident alkenes, and examined the relative
propensity of alkene directing ability. In substrates containing
multiple olefins, regioselectivity is apparently determined by
the most tightly binding alkene, which is typically the least
substituted double bond. In the absence of terminal alkenes,
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internal olefins are also competent directing groups. Efforts to
broaden the scope of this transformation and apply this
strategy to other metal-catalyzed reactions are currently
underway.
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