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Couplings of Alkenes with Alkynes

entry substrate product method (yield)
R
R,Zn/RZnCl z VR o o R
2 Ni(COD),, 5 mol % 1 ph Bh —H A (R =Me, 82 %)
H B(R=H,92°
L/\/ | ‘ & ( ’ %)
Et,Zn \
MeO,C
Ni(COD),, 5 mol % o o Moo N o
PPh2. 20 mol % H ‘ el / A(R=Me,74%)
3 0 2 MeO | OMe B (R =H, 83 %)
=
R

3 O,N O2N o —H A (R =Me, 39 %)
B (R = Et, 47 %;
Q 0ZnR W SN
X \ Cl R=H, 13%)
R,Zn, RZnCl X
L/\) o ‘Nl/”" !
Ni(COD), \/\/“

Method A: [MeLi + ZnCl,], 5 mol % Ni(COD),, THF, 0 °C
Method B: Et,Zn, 5 mol % Ni(COD),, 20 mol % PPh;, THF, 25 °C

. R
0, R L,Ni(0) RZnO  L,Ni alkene 0 H

X / ,L X= / _L, X V

J.Am.Chem.Soc. 1997, 119(21), 4911.
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Nickel-Catalyzed Coupling Reactions of Carbonyl Compounds

with Alkynes
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HO IR . ZIlEtz
Vi Ni(COD),, PBuj ) 'R
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l Zn°R,
/H 2R
LNi L,Ni
ZRZnO / R B L= PBU3 2RZnO / R
B-hydride elimination
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L = THF

- reductive elimination

J. Am. Chem. Soc. 1997, 119, 9065.
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Nickel-Catalyzed Reductive Coupling of Aldehydes and Alkynes
(Et;SiH as a Reductant)

iR (TS(COR/)Z) OSiEt,
mol 7o
H + 5 / + Et3SIH lR = 3R
=\ 2R
Mes*NyN'Mes
entry IR R R yield
1 Ph Me Ph 84%
2 n-Hex Me Ph 82%
3 Ph H n-Hex 71%
4 Ph H Ph 72%
5 s-Bu Me Ph 81%
L L
4 kb H R;Si0O H
- ! . . .- 1
O Ni_ o oM py RO RSIOLN ’
o =4 o T e
Me Ph e Me Me
J. Am. Chem. Soc. 2004, 126, 3698.
J. Am. Chem. Soc. 2007, 129, 9568.
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ABSTRACT

H OZnEt

Et zZn 5 ,Rz
A")\n/ _Coleat) _ g F NWR R’ N
THF hexane Il?z o R3w )
n= 1,2 HO

Cobalt catalysis enables a new method for the generation of zinc enolates using diethylzinc to reduce a,f-unsaturated amides. This method
has been applied to a high-yielding diastereoselective reductive aldol cyclization.

0O entry substrate method product dr® yield (%)°
3 Q
MNWR 1 0 o R=Me 1a A oup 22 124 89
‘ - _d Ph N” .
2R 0 5 P X T‘/\/U\R R - Me 1a X - 2a 1;.11 gz
Lp R=Et 1b T 2b :
Co(cat.) o
ligand (cat.) 4 o o R=H 1c A 2¢ 9:1 88
N = j- B .
Et,Zn (2 eqiv.) 5 R/\\)I\N/\)LMe R=/i-Pr1d A R N 2d >19:1 >99
THF, hexane 6 3 R=Ph 1e A Metm: 2e >19:1 97
) n =2 .
0°C to rt 7 R = 2-furyl 1f A HC 2f >19:1 >99
o o]
8 R=Me 1¢g A " B 2g >19:1 94
9 R/\)k'}‘/\)l\“‘ R=i-Bu th A _— 2h >19:1 94
Bn nd
10 i coet  R=H1i B i 2i 9:1° 56
2 = LPMP :
11 R/\)J\I}[ R = Me 1j B Rio N 2j >19:1° 80
Method A: Co(acac), - 2H,O (5 mol %) 12 PMP R = Ph 1k B 2k >19:1° 88
Method B: CoCl, (5 mol %), Cy,PPh (5.5 mol %) © COaEt
O
13 9 R=H 1 A 2| 9:1 47
_PMP
14 R/\)I\N/\"/Me R=Ph 1m A R N 2m 8:1 56
15 P O R=OMP 1n B Mew 2n 141 74

Org. Lett. 2006, 8(17), 3729.

Filip Petronijevic @ Wipf Group Page 5 of 13 6/14/2008



Plausible Mechanism

OCoL
| /H\n/ / .
n

8 I

Et,Zn
Et,Zn OZnEt

—b‘
oo e NI
n
10
{,5\\\5__#}ﬂif¢a | 2 g
0

. . . CH 2=CH2
Or binding Et,Zn along with
Lewis basic interaction with

cobalt hydride via 3¢, 2e bridge

Et
Et--Zn”~
i rd
H—c?gﬁo
RS
R1/\)J\N/(~)n\’_(
|2

Org. Lett. 2006, 8(17), 3729.
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Title Paper: Nickel-Catalyzed Reductive Aldol Cyclization

Et,Zn (2 equiv)
Ni(acac), (5 mol %)

R1

| THF, hexane
R? 0°Ctort
3a-3m 4a-4m
entry substrate product dr’ yield (%)°
1 R=Me 3a 4a >191 97
2 o o R=i-Pr 3b 4b  >19:1 98
3 R = CH.CH.Ph 3¢ 4c >191 95
R/\)J\N/\)I\Me 2L R
4 Il3n R=Ph 3d Metr 4d >191 97
5 R = 2-furyl 3e 4e >191 >99
o} (0]
|
\ o} PMP
0] 0
7 N/\)I\Et 3g 9:1 82
|
PMP
0] (0}
8 Me/\)I\N/\/‘kPh 3h >191 62
|
OMP
9 0 0 R=Me 3i 9:1 84
10 R/\)kN/\)kPh R=/-Bu 3j 121 84
11 Bn R = 2-furyl 3k 5191 79
(e}
12 /\)]\ $OEt R=Me 3| yPVP Al >1917 62
RT X N HO, 4d¢ 50
13 ] R=Ph 3m im  >19:1
PMP
O CO,Et
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\)CI)\ Q Et,Zn (2 equiv)
N /\)j\ Ni{acac), (5 mol %)
N Me >

Title Paper: Scope of the Reaction

| THF, hexane
0°Ctort

0] e}
Y]\f;l/\/U\Me
Me PMP
8

o 0
N/\/U\M

Me” X \ e
Me PMP
10
Me O
S~
Bn
12
O O
EtOQC/\)kN/\)I\Rz
&

14a R'=PMP, R? = Ph
14b R' =Bn, R = Me
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Ni(acac), (5 mol %) Me N,PMF’ o
THF, hexane . Me
0°
Ctort wd %

EtoZn (2 equiv)
Ni(acac), (5 mol %)

THF, hexane
0°Ctort

Et,Zn (2 equiv)
Ni(acac), (5 mol %)

-

’

THF, hexane
0°Ctort

13

>19:1 dr
4%

Et,Zn (2 equiv)
Nitacac), (5 mol %) ~ gto,c

THF, hexane
0°Ctort
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* simple acrylamides are less competent substrates
but using Co(acac), x 2H,O gives 6 in 88% yield

* substitution at the a-position enforces reductive
cyclization vs. alkylaive aldol cyclization

* the cyclizations of 8, 10 and 12 using Co(acac),
were completely unsuccessful

« tertiary zinc alkoxides produced in reductive
cyclization undergo lactonization with the

adjacent ester (unsuccessful with Co-catalyst)

=
16a >19:1dr, 79%

16b >19:1 dr, 89% .

Not detected
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Title Paper: Nickel-Catalyzed Reductive Aldol Cyclization
Furnishing p-Hydroxylactones

O
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. 0°Ctort HO .
20a-20j 21a-21j
entry substrate product dr”® yield {%)°
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o] 0 - :
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3 R 0 mMe R=4-MeOPh20c  pan.. 21c¢ >191 76
4 R = 2-furyl 20d HO 21d  >19:1 81
o , R=iBu e 9 21e 551 84°
21f ,
6 R = CH,CH,Ph 20f R Y 210:1  76°
R/\)LO/\)LPh s —_—
f f
R = 2-furyl 20g 21q nd 75
HO
o 0
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9 R C R = i-Pr 20i HO 21 >1919 74
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J. Am. Chem. Soc. 2008, ASAP.
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Title Paper: Mechanistic Considerations

Mechanism A 0 Mechanism B
H 0Q Ni(acac 1 Et
( A B X O.-Z'lo OZnEt
R ) R'- Ni(acac),
+ CH,=CH, Etzzn Et,Zn + n B A\= /Hhﬂ/
R (0] X EtZZn Et,Zn
EtZnO
29 Ni( 0) _25 _ 34 N|(0)
reductive oxidative

elimination cyclization l H Zn

R1'z..H H ? Q R2 (ancillary ligands E-'.'.-

N ’
(ancillary ligands omitted for clarity)

omitted for clarity) Et' '."\

zn -0 éz n R} )n /\ R2
i Rz EZn0 , ) etz
H & Et CH2-CH2 N- % o
B-hydride \ e transmetalation ,Hw]/
elimination Et—Nl

X

LT

Ezn R27
i EtoZn (2 equiv) ; i * mechanism B does not require
o /\/U\N,Bn Ni(acac); (5 mol %) — ofigomeric ! Ph/\)]\N,Bn
l THF, hexane products | the partitipation of the ketone until
35 0°Ctort A | 38 Bn ) ,
: letc. !  Notobserved the zinc enolate is formed
\ 9 * the ketone is an essential component
Possibly: OZnEt Bn
/\)\ Bn  ....385 ., Ph N in mechanism A
Bn
Bn Ph * both mechanisms can be relevant
B
EZn0” N7
37 |
Bn

J. Am. Chem. Soc. 2008, ASAP.
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Mechanism A

(0] Mechanism B
H 0O Ni(acac), R A X ‘5_}1 A
O.' ~o )
1 2 e 2 Ni(acac)
R ) * CH,=CH, l EtpZn EtyZn + B Y‘J)n Ri;% - i )\/\ R 2
riw—¥), o —X Efzz“ EtyZn
EtZnO 29 Ni(0) 25 24 N|(0)
reductive oxidative
elimination cyclization l H Zn
R1~.,H ':'I ? ? /H\n/Rz (ancillary ligands Et; NZn
(ancillary ligands & o omitted for clarity) i
omitted for clarity) Bt ')'\ X
: n R2w )n 2
Zn R2 R
I 26 EZn0 , Et;- Zn /(’%n/
Et CH2=CH2 I
ﬂ-hydridk transmetalation R
elimination 31 O
D 2h
phM{) Ph OZnEt
~Bn Mechanism A & N’Bn Mechanism B o N/Bn
via metallacycle via zinc enolate
= o * The nickel-catalyzed reductive cyclization of
" l o 53 gave a 1:1.3 inseparable mixtures of
| | . .
zh = 56a and 56b (diastereomeric products)
o\ 10
BH we " * Mecanisms A and B are appreciably more complex
58a 58b
l l » The alkene of the a,f-unsaturated carbonyl can
o 0 undergo E/Z equilibration and the diastereoselectivity
P N could result from mechanism A
HOw
HO  s56a HO  56a Me  sg6p

One diastereomer expected
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1:1 Mixture expected
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Title Paper: Stereochemical Outcome

Mechanism A 0
o0 Ni(acac), R1/\)]\X
1 2
R™*; n o
EtZnO 29 Ni(0) 25
reductive oxidative
elimination cyclization

(ancillary ligands 7
omitted for clarity) Et"?h\

I g Zn Zo 0
i Rz
Et
O
ﬂ-hydridk 4/ transmetalation
elimination X

Ph 0 o Et,Zn (0.5 equiv) HO
M /\)J\ metal salt (5 mol %) 61
rﬁ Me THF, h > *
exane
’ (0] 0]
. 6F;MP 0°Ctort /\/[k /\)L
Ph” XX rlxn Me
PMP
E-60
Relative ratios
Z-60 61 E-60
Using Ni(acac), trace 1 1.6 (21)
Using Co(acac),:2H,0 6.9 1 1.4 (22)
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E-53

Ni(acac),
EtQZn

Z-53 ent-56b

* Subjecting the Z-60 to the standard reaction conditions
(with 0.5 equiv of Et,Zn) gives the lactam 61 along with
the uncycled material (which had undergone complete
E/Z isomerisation)

* Mechanism A cannot be excluded

J. Am. Chem. Soc. 2008, ASAP.
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Conclusions

* Ni(acac), in the presence of diethylzinc is a highly effective catalyst for the reductive
aldol cyclization of substrates containing o,3-unsaturated carbonyl functions thetered
to the ketone
* Tether can be either an amide or an ester (opposite to Co(acac), which is not efficient with esters)

* The role of diethylzinc is to deliver a hydride to the $-position of the cyclization precursor

* The reaction is tolerant to substituents at the B-position of the a,3-unsaturated carbonyl component
as well as to different nitrogen protected groups

* Two possible mechanisms were suggested and several mechanistic probes revealed the complex
nature of these reactions
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