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Catalytic Reductive Vinylidene Transfer Reactions
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Sudipta Pal, You-Yun-Zhou and Christopher Uyeda
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Common vinylidene cyclopropane disconnections
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General methods for the generation
of alkylidene carbenes
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Catalytic reductive Carbene transfer
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Catalytic reductive Vinylidine transfer
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x Cl catalyst (5 mol%)
* Z ph >
Cl Zn (3.0 equiv)
E,0, DMA
2
entry catalyst yield
1 [*P"NDI|Ni,(CH,) (1) 94%
2 [*P"NDI|Ni,Cl, (4) 87%
3 *PNDI (5) + Ni(DME)CI, 92%
& BNDI (6) + Ni(DME)CI, 50%
s MeNDI (7) + Ni(DME)C, <2%
6 [*P*PDINICL, (8) <2%
7 [**TPINi(COD) (9) <2%
8 [BPY]Ni(COD) (10) <2%
9 [**"DAD]Ni(COD) (11) <2%
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[PNDIINi»(CsHg) (1) R
cl (5-10 mol%)
Rt/\r N /\Rﬂ' , \ -
cl R? Zn (3.0 equiv)
rt, 24 h RZ
Et,0. DMA
. < O O
R
12 87% Yield 13 93% Yield 14 71% Yield
(EZ =1:3) (E/Z = 1:4) (E/Z = 1:4)
§~(/j© — ) —< — )
0 S
15 53% Yield 16 62% Yield 17 67% Yield 18 95% Yield
(E/Z = 1:4) (E/Z = 1:3) (EZ=12) (E/Z = 1:6)
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["P'NDIJNiz(CsHg) (1) R’

Cl (5-10 mol%)

RIS + /\Rs > \ R
cl R? Zn (3.0 equiv)
rt, 24 h RZ
Et;0, DMA
19 R=-CF;3 99% Yield, E/Z =18
20 R=-CO,Me 81% Yield. E/Z=17
N 21 R=-OMe 89% Yield, E/Z =13
R 22 R=-~CN 74% Yield, EEZ =18
o 23 R =-BPin 78% Yield, E/Z =16
24 R=-Cl 83% Yield, E/Z =16
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Cl

Cl

[PNDIJNiz(CsHg) (1) R
g (5-10 mol%) \
+ » q
R? Zn (3.0 equiv) R
rt, 24 h RZ
Et,0. DMA
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> OO o

25 72% Yield 98% Yield 27 66% Yield
(E/Z = 1:4) (E/Z = 1:5) (E/Z = 1:3)
o\,/\ O/ A
<,o O
28 50% Yield 29 56% Yield
(E/Z = 8:1) (E/Z = 13:1)
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ACHN
30 97% Yield 31 81% Yield
(E/Z=19) (E/Z=14)
/ S
LS de
36° 99% Yield 37°  86% Yield

AT

38" 54% Yield
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39 67% Yield
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32 79% Yield 330 77% Yield
(E/Z =1:3)
// “n-Hept g
OMe
o 0
34°  75% Yield 35 79% Yield

OMe
2
Me
40 95% Yield
(E/Z =1:1)
11
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[*"'NDIINiz(CgHg) (1) R
Cl (5 mol%)
R/\r T > l — RM
cl (1 atm) Zn (3.0 equiv)
Et,0, DMA
Observed at
partial conversions

X X
N N
/()/\/\ O/\/\ nHept M
MeO

41 78% Yield 42 78% Yield 43 74% Yield
(E/Z = >20:1) (E/Z = >20:1) (E/Z = 8:1)
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Zn
(excess)

(*'NDINCl,
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Mechanistic Studies

["PNDINLCI - K-> No Further Reduction

Products

cl
[AF'ND”Ni?Cl " Y\PP + /\N AA‘-
44 ' Ph
(2.0 equiv) (1.0 equiv) (1.0 equiv) FPINDINI.CI, 32
4) .
_ 67% Yieid
Ar = p-MaOPh- (E/Z =1:2)
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["'NDIJNiz(CaHe) (1) D 1:4.0
Ch_~ 5 {5 moi%) ‘) Cis/Trans
cl Zn (3.0 equiv) Z
Ar = p-MeOPh- Et;0, DMA Ph
32.2-d,
["NDINis(CoHe) (1) D c:/';:’
1s/Trans
C'Y\ph . ’y\N (5 moi%) . ‘)
Cl = Zn (3.0 equiv) Z A
Ar = p-McOPh- ERQO. DMA Ph
32-2-d,

Ph/\/ Bl’
(1.0 equiv)
~ CgHg

[*P'NDI]Niz(CgHg) (1) a7
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Conclusion

1) Developed a method for catalytic vinylidene transfer for the
synthesis of MCPs in moderate to good yields.

2) Utilize stable 1,1-dichloroalkenes as vinylidene precursors.

3) Substrate scope limited to sterically accessible alkenes.
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PdCl, PPh, -0 HCI 0 0

Cl N. _N_ _Cl DMF 70°C hydrolysis
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Ph Ph OMe OMe
H Ph
~ H W/A\H/ "N \ A \
Ph H . i
12-Z 12-E 32-Z 32-Z
3.I00 ' 2.I95 2.l80 l 2.I75 2.I95 2.190 2.I7S 2.I70
f1 (ppm) f1 (ppm) 1 (ppm) 1 (ppm)
ddd,] =92,49,2.1Hz |ddd,J=9.1,49,1.8Hz |ddd,J=9.1,49,2.1 Hz ddd,/=9.0,5.0, 1.8 Hz
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= 7
CN
H O H H o H
H H 3 H H 22
32 22.2 e
22-2 7z
3.2 )
27-E
E 3E 27-E
3 22.E 22-E
T T T T T T T T T T . T T T T T T T T T
41 40 39 38 3n7 36 35 34 33 32 41 40 30 38 37 36 35 34 33 32 42 40 38 36 34 32
(ppm) fi (ppm) f1 (ppm)
IA( ’
=z
[ H
H 17-E
.7 2. 6& 2. 66 2.4 4 2.‘5& 2756 2754 2.‘5
f1 (ppm) 1 (ppm)
ddd, j=8.7,4.5,2.1 Hz | ddd,/=8.6,4.6,1.7 Hz 19
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1) Sulfuric acid

NH, OH 2) Diazotization, chlorination
3) POCI3 Cl N N _/Cl
) NN
SN + O)\/\fo > |
| N
= NH, OH OH

J. Org. Chem, 1981, 46, 833
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