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Synthesis of substituted Z-alkenes
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This Work

FeBr,
Zn, rt to 60 °C

Ar—— + R'—X

R'=1°/2°/3° alkyl
X =1, Br, OTs

Fe-catalyzed anti-carbozincation

STEREO Team Weekly Seminar — RCC — April 16th, 2015

Julien Botton




Optimization Study: Reductants and Iron Salts

FeBry (10 mol %) ,
; ay == Fe catalyst (mol %)
. / 1) reductaghﬂ[iqﬁ.lN},Laddltl“velimoI o) S N —\ 1 Zn (1.5 equiv). I (2 mol %)
= + 1 (1mL), t, 16 N/ 7N = = )
— _/ DMA (1 mL), rt, 16 h
) 2) H,O
a

1a ; 2) H.0O
(1 equiv) {equiv) 3a {éjlﬁer?#:é}l} (1.5 equiv) 2

(0.5 mmaol) Z-isomer E-isomer Zisomer E-isomer

entry  Cyl(equiv) reductant (equiv)  additive (mol %) yield of Zproduct (%)° Z:E° entry Fe catalyst (mol %) GC yield of Z-product (%)* Z: E*c

2 Zn (2.5) 97
{ FeBr, (10) 91

1.5 Zn (2.5 79
(2:5) FeBr, (5) 82

15 Zn (2.5) TMSCI (20) 85 FeBr, (15) 69

1.5 Zn (2.5) TMSBr (10} 70
1.5 Zn (2.5) TMSI (10) 85

FeBr, (10)9 a0

FeBr, (10)¢ 88
15 Zn (2.5) 1,(2) 92

FeBrs (10) 85
15 Zn (1.5) 1,(2) 91
FeCl, (10) 82
Fel, (10) a2
15 Mn (1.5) Fe(OTf), (10) 79

1.5 Mg (1.5) . Fe(acac); (10) 49

15 Zn(1.2) , 77

12 Zn (1.5)
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Optimization Study: Other Metals Sources

(1 equiv)
(0.5 mmol)

entry

Fe catalyst (mol %)
Zn (1.5 equiv), |_: (2
DMA (1 mL), rt, 16 h

H,0

(1.5 equiv)
Z-isomer

Fe catalyst {mol %) GC vyield of Z-product (%)%

FeBr; (10)

NiBry (10)

CoBr; (10)

CuBr; (10)

AgNO4 (10)

Pd(OAc), (10)

CrCl, (10)

Mn{OAc) 2« 4H:0 (10)
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Optimization Study: Solvents and Controls

FeBr, (mol %) <
1) Zn (1.5 equiv), | (2 mol %)

solvent (1 mL}, rt, 16 h <\ ;ff

— /
(1 equiv) 5 equi H20 E ::
(0.5 mmol)

Z-isomer E-isomer

entry solvent (mL) concentration of alkyne (M)  GC yield of Z-product (%)° Z: E*

DMA (1) 0.5 91 13.4
DMA (2) 0.25 87 12.0
DMA (0.5) 1 80 14.6
NMP (1) 0.5 81 11.2
DMF (1) 0.5 62 14.1
THF (1) 0.5 5 3.7

FeBr; (mol%s) Zn (equi GC yield of Z-product (%)

10 . 91
0 . 34
10 0




Screening of Secondary and Tertiary lodides

FeBr. (10 mol %)
1)  Zn (1.5 equiv), I (2 mol %)
DMA, rt, 16-24 h

H,0

A= + R'—I

(1 equiv) (1.5 equiv) o
? 58%

(Z:E=18:1)

55%
(Z:E=16:1)

ﬁi -

BI%E
(Z:E=15:1) (Z:E > 50:1)

FG = Cl{3g): 77% (Z:E = 20:1)

FG =F (3h): 73% (Z:E = 12:1)

FG = C{OWNEL, (30): 47%5(2:E = 10:1)
FG = COMe (3]): 56%<(Z2:E > 20:1)
FG = C{O)Me (3k): 58% (Z:E =8.0:1)
FG = CHO (3l): 32%° (Z:E = T.4:1)
FG = CN (3m): 43%2a/ (Z-F = 50:1)

FG =H (3a): ™% (Z:E=151)
20 mmaol: B4%4 [ Z:E = 20:1)
FG = MMe; (3b): B4% (Z:E > 50:1)
FG = OMe (3c): 90% (Z:E=121)
FG = SMe (3d): 72% (2 :E = 50:1)
FG = 1-Bu [38): 87% (Z:E =14:1)

FG = Br [3): B4%~ [ Z:E =14:1)

5 W A . ' = i ,

¢ = i 1 g = i g -

T P F o L 1 F = - M
;-.

i 4h 4i 4j 4k 41 4m
61% TiI% B2% BE% B9% Sa%S

(Z:E=18:1) (Z:E=19:1) ([Z:E>20:1) (Z:E > 20:1) (Z:E >50:1) (Z:E > 50:1)
{exoendn = 50:1)

3r, 35%ARN (2 :E > 50c1)

Jo T5%

{£:E = 19:1)

da, 60"

{£:E =9.10:1)

e
£ g

%

S
—
" g

3p 49%F g 55%F
(Z:E=14:1) (Z:E =13:1)

- 1 ID

F e
4b, 5%
[£:E = 20:1)

4c, Gawae
{£:E =501)

o

577

R o N o 5
Y'sTs

*-\.

H ©

-.H : N i
=t i) A

4n, 61%5(Z-E = 20:1)

H
)
H

AN

dp, 51%#(Z:E > 50:1)

iy IRl_.-
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!
W 0. -~ "a__‘,ro 0

.-‘I-“. .
.DJ\L{}-

4o, 45%° (Z:E >9.6:1)

|

hal) Ot A=

- A
; 4q, 62%*(Z:E > 20:1)

' = 2

4y, 56 (Z2:E > 5001)




Screening of Secondary and Tertiary Bromides

FaBrs (10 mal %)
20 (5 egun), 1s (10 mel %)
R + R'—0Bi DMA, BO°C, 168 h
(1 egue) =] uIv) 2 Ha0

!-Hul_

A'= Mo (S5a): 55% (Z:E=B8.7:1) FG = OMe (Bc): 65% (Z:F = 9.3:1)
R'= El(Bb): 51% (£:E = 10:1) FG = Ma (5d): B1% (Z:E = 14:1)

/

B, 52%*
[Z:E = 13X:1)
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Screening of Primary Alkyls

FaBrs (10 mol %), CuBrs (10 mol %)
B —= i 1)  Zn (2.5 equiv), TMSI (20 mol %)
DMA, i1, 16 h

(1 equiv) (¥ =] or OTa)
{2 Bguiv) 2} HO

ket P
\ ?_f Ao St

) MeO
FG = OMa (Ba): 51%2 (Z:E =7.7:1) R = n-bulyl (Be): 55%* (Z:E=8.7:1) = T
— —0
O

: el
Bk -t &m
51% 50 F i

(Z:E=6.7:1) (Z:E=421) (Z:E=4.1:1)

Me [ -EO OFI“E

X=|

MeO— Y N
8 mmol: 46%* (2:E = 7.6:1) 15 mmol: 62%° (Z £ = 8.3:1) 47%0 AN = Yl s
FG = Cl (Bb): 58% (Z:E = 8.1:1) R =CCH (6d): 5a%(Z-E=531) (£:E=131) /
1 60, 50% (£:E = 4.0:1) Bp, 51%°(Z:E=68:1)
e C _ X =0Ts:
&h A= DCIOMe (6l)
E3ELa fgﬁ,ﬂ % 55% (£ :E=9861) oy A0rpat
(£:E=98.7:1) (Z:E=481) (Z:E=T7.1:1) A = CM (6] (Z:E=B.1:1) (Z:E=B71) (Z:E=86.1:1)
47T% [Z:E =12:1)
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Synthetic Applications

FaBr. {10 miol %%
CuBr- { 10 maol %)

Zn (1.5 oquiv Y
TMS (30 mod 5% LY r

h—y/ 4 2 sleps
DMA. 11, 18 h \_J e
-

-

-
Sih [FE T A PR 0
I Ta 44% (2 :E .6 II-- (red 21) I"q, _: D

L=}
Wittig reaction (ref 21)
3 imgury)

H-O

shown potent antiproliferative

5% (ZE=33 | Betivi i
Ta 2 313 act towards a range of carcinoma

7%,

Feliry (10 mol %), CuBry (10 mol %) ﬂl_.?.c' \ /

£n (5.5 eque) / THESI (50 mo Bt h s r LY
DMA, 11, 16 b o

, HO Th, 42% [£:E = 7.6:1)
5 ooy ]

Wiitig reaction (el 23); 50% Z/E mixture

for treatment of allergic discasos |

~—0
. #
HO—,
abowve 0
corulibong y ; hydrolysis
- -

raf 23}

for treatment of
allergic diseases
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Mechanistic Studies

(a) Radical Clock Experiment

-:"l-II =) o
\‘;E__“;? .

{1 equiv)

Ma

(b) Trapping of Alkenyl Radical
1)
Ph——= + |-Cy

(1 equiv) (1.5 equiv)

2)

{c) Trapping of Alkenyl Anion

1)
Ph—= 4+ |-Cy

(2 equiv)

FaBrg (10 mol %), CuBrg (10 mol %) Me
1) &Zn (2.5 aquiv), TMSI (20 mol %)
DMA, rl, 16 h

2) Ho0

FeBrs (10 maol 3a)

£n (1.5 aquiv), 1 (2 mal %)
DMA, BO2C, 18 h
P{OEl) (15 equiv)

H4O

Ph Loy
M

FeBrs (10 mal %)
£n (1.5 equiv), I3 (2 mol %)
DMA, i, 4d

(1 equiv) (1.5 equiv) 2)

(20 mmaol)

IBr 3 (equiv), i, 1.5 d

Ph Cy
via e/

=

* Use of TEMPO:
alkyl-TEMPO adduct + No desired
product

« Use of D20 and DMA-d9:
olefinic Hydrogen comes from
aqueous work-up

« Use of alkyl-zinc reagents:
No desired product
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Proposed Mechanism Fell o
Zn!l

ok
Zry Fe\(\

Fell + Cy-+ I

Ph Ph Fe”
V= )=/ ph——
Zn

- Fell, - I-

Zn!

1) Fe'l reduction Ph: . @-F/
2) SET Fell
i iti / Fel
3) Radical addition = —\,\‘
4) Anti-Fe'! addition ©%/
5 T™M

6) Fe!' reduction = /‘

7) Hydrolysis STEREO Team Weekly Seminar — RCC — April 16th, 2015
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Alternative access to Z-olefin

Wide range of alkyls partners

Limited to terminal arylalkynes

Synthesis of complex structures with biological activities
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