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Single Electron Reduction of Alkyne, Limitation
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Most of common electrophiles are labile to single reduction
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2. E/Z-Selective Difunctionalization
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Working Hypothesis: Use of Boric Ester

©
Nu p orbital
RO _/_
B(OR); — RO: —OR p orbital (B) 4 d n orbital (O)

vacant p orbital = electrophile

LUMO of B(OMe); would be higher by resonance effect
— Higher torelance to single electron reduction

reacts with
lower LUMO

*

T //\ _/R
—_—— O
PhH_R S P S . N ® _ (ROMB. R
---------- } ceccccccc T Ph—=< : S
+ selective + selective BOR); oo
reduction? addition? 3  B(OR Ph B(OR
B(OR); B(OR); © (OR)s oB(OR)s

Is it possible to regulate the reaction by combining condugated alkyne and B(OMe)3?

Fukazawa, M.; Takahashi, F.; Nogi, K.; Sasamori, T.; Yorimitsu, H. Org. Lett. 2020, 22, 2303.



Diboration of Alkyne

Ph————Ph reductant (2 eq) _ _ _ _
THF, rt, 30 min; pinB Bpin pinB Bpin
A (1eq) - — HO OH
+ =
pinacol
B(OMe)s (6 eq) Ph Ph Ph Ph _
B C pinacol
d t deviati B C
reductan eviations yield B(Z: E)
Na dispersion - 89% 100: 0 2%
i ] Na dispersion (1 min) o i o

Na dispersion then B(OMe), <5% 0%
Li powder 2 h before pinacol addition 50% 96:4 6%
LiC4oHg - 28% 99 : 1 1%
; ; NaC10H8 - 30% 97 :3 1%

Na dispersion
pa"f;‘gepfr']ze’ Na dispersion Et,O instead of THF 45% 100: 0 5%

f. Li

y 20{2p5‘(’)“;|dmer Na dispersion B(Oi-Pr); instead of B(OMe);  25% 68 : 32 2%
Na dispersion MeOBpin instead of B(OMe); 48% 79 : 21 21%
Na dispersion (2.2 eq) B(OMe); (3 eq) 93% 100: 0 0%

Ito, S.; Fukazawa, M.; Takahashi, F.; Nogi, K.; Yorimitsu, H. Bull. Chem. Soc. Jpn. 2020, 93, 1171.



Rationale for Stereoselectivity

@
Na e
_ Na . Na Bome); . B(OMe); [ NaOMe
Ar——R >  Ar— — Ar—=< — Ar—
R R
A B C C'
\Na
@
2 Na Me Na
_ _ © O 0O
pinB _ Bpin pinacol (MeO);B _ B(OMe), B(OMe), Na _ B(OMe),
- -
Ar R Ar R Ar R
G F D
eletron rich alkene
— resistant to over reduction }
When B(Oi-Pr);3: @
destabilize D 2 Na N @
—> lower stereoselectivity o a
Ar B(OMe); B(OMe), Ar B(OMe);

When MeOBpin: >=< <eenennn >=<
readily eliminate NaOMe
of F due to steric repulsion (MeO)3B@ G R Na E R
— labile to reduction

Ito, S.; Fukazawa, M.; Takahashi, F.; Nogi, K.; Yorimitsu, H. Bull. Chem. Soc. Jpn. 2020, 93, 1171.



Substrate Scope and Limitation

Na dispersion (2,2 eq) _ _
THF, rt, 30 min; pinB Bpin
Ar — R + —
B(E(;)Me)3 pinacol (6 eq) PH Bh
(1 eq) (6 eq) rt, 30 min
pinB Bpin pinB Bpin pinB Bpin pinB Bpin
Ph Ph Ph
MeO OMe R = SMe: 502(70 (706°aﬁaa) 53%), E:Z = 4:96
58% (83%?) R =F: 44% (78%) 45% (55%3) (63%")
( )
unsuccessful alkynes: Ph Ph
pinB Bpin pinB Bpin _
— — Ph——(CH;)3R
PH R PH (R = CH,CI, OTs, OH, CN) Bu———Bu
R = Me: 80%P 72%P-° __ S S
R = Bu: 72%" TMS———TMS | /\ — /\ |
R =TMS: 65:/ob complex mixture
R =H: 27%"° L (29%"°) )

2 NMR vyield ® B(OMe); (6 eq), Na dispersion (3 eq) € at =78 °C

lto, S.; Fukazawa, M.; Takahashi, F.; Nogi, K.; Yorimitsu,

H. Bull. Chem. Soc. Jpn. 2020, 93, 1171.



Trial of Unsymmetric Difunctionalization

Unsuccessful unsymmetric difuncionalization:

Ph———Ph THF, -78 °C, 30 min;

+
B(OMe)s (1 eq)

Na dispersion (2.2 eq)

Successful unsymmetric difuncionalization:

Na dispersion (2 eq)
THF, rt, 30 min;
>

Ph Ph

+
B(OMe)s (6 eq)

@®
0 6
Na©~ “B(OMe),
Ar R
® _
2 Na
© ©
(MeO);B B(OMe);
Ar R

Mel (3 eq)
=78 °C to rt, 30 min; .
pinacol Me . Bpin
-
Ph Ph
40% recovery 0%
pinB Bpin
Ph Ph
34%
Fs;C
4-CF;CgHyl (08 eq)
Pd(OAc), (8 mol%) .
65 °C, 40 min; __Bpin
-
pinacol Ph Ph
rt, 30 min
72%

Ito, S.; Fukazawa, M.; Takahashi, F.; Nogi, K.; Yorimitsu, H. Bull. Chem. Soc. Jpn. 2020, 93, 1171.
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(E)-Selective Difunctionalization

@ @ ®
© S) RS
(MeO),B B(OMe); B(OMe);s Nz “B(OMe), —m Ar @B(OMe)3
_ - _ —~ —
Ar R Ar R Na R
(Z2)-selective to (E)-isomer

Methoxy group acted as a ligand to stabilize the (Z)-isomer.
However, the generated borate is less nuculeophilic.

Working hypothesis:
R
Ph—=\ M—X
R :
Na [M] Ar [M] Ar [M] electrophile Ar R'
>_<— """ 7“ >_<— °°°°°°°°°°° } >_<— °°°°°° 7> >—<_
Ar R . Na R [M] R : R' R
to (Z2)-isomer [M]: no donative substituent (E)-selective

Is it possible to reverse E/Z selectivity?
Is it possible to conduct nucleophilic attack from generated dimetal?
— For electrophile: RMgX or R,AIX (MgX, would be reduced to Mg® under the conditions)

11



(E)-Selective Dimetalation

Mg reagent (2 eq)
reductant (2 eq) Ph [Mg] | electrophile (6 eq) _
_ THF, 0 °C, 30 min — 60°C,2h Ph Bpin
Ph——Ph y >=<
[Mg] Ph i B bh
A(le pin
(1eq) I B i c
M t ductant lectrophil ¢
g reagen reductan electrophile yield C(Z:E)
i-PrMgBr Na dispersion MeOBpin 90% 57 : 43
i-PrMgBr Na dispersion EtOBpin 86% 78 : 22
g MgBr A
i-PrMgBr Na dispersion i-PrOBpin 75% 80 : 20 9
MeMgBr Na dispersion i-PrOBpin 49% 47 : 53
t-BuMgBr Na dispersion i-PrOBpin 75% 72:28 (c-PentMgBr)
c-PentMgBr Na dispersion i-PrOBpin 85% 88 :12
c-PentMgBr Na lump i-PrOBpin 25% 76 : 24
c-PentMgBr Li powder i-PrOBpin 59% 51:49
c-PentMgBr NaC4oHg i-PrOBpin 74% 91:9

Takahashi, F.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2023, 2, 162.



Substrate Scope

c-PentMgBr(2eq) r
Na dispersion (2 eq) Ph [Mg] | electrophile (6 eq)
_ THF, 0 °C, 30 min — 0-60 °C,1-2 h Ph X
Ph——Ar y y >_<—
[Mg] Ar
A (1eq) - i X Ar
[Mg] = Mgc-Pent(THF),
electrophile: i-PrOBpin electrophile: (CH,0), electrophile?®:
R =H: 74%
R = 0-OMe: 63% "'° °
— . 700 R =H: 66%
R = m-OMe: 70% o
R = p-OMe: 65% R = OMe: 67% R=H: 67%
R = m-SMe: 61% R=m-F: 71%
R = m-F: 55%
R = p-TMS: 75% OH
electrophile®: /\/CI electrophileal (1 eq); & 7 cl (1 eq)
. R=H:71% (E:Z = >40:1) _ R =H: 53% (E:Z=>30:1)
R R=O0Me: 71% (E:Z = >40:1) R R=OMe: 54% (E:Z = >30:1)

/ HO
O O 2 with 10 mol% of CuCN-2LiCl

Takahashi, F.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2023, 2, 162. 13



Unique Reactivity of Dialminoalkene (1)

Me,AICI (2 eq) Ph AlMe, | (CH;0), (4 eq)
. Na dispersion (2 eq) — 60°C,1h Ph CH;OH
Ph——Ph y Moo Al o y —
THF/hexane €2
A (1 eq) 25°C,30 min L _ B i HOHC ¢ Ph
?\y\ )'3 0%
THF, Ly O\ CH,OH
Ph AlEt, @ X TE HOH,C HOH,C CH,OH
>=< = !@\ /""\ Ny, ph——— | >=<
Et,Al Ph T; \t’ E W Ph p Ph
THF ol & o 26% 9%
Proposed mechanism:
H AIMQZ
|
(o) >=o
Ph AlMe, H Ph MezA Ph H
— - o .
Me,Al Ph MezAI Me,Al H
B G
?lMEg
0) ezAIO CHon
Ph work-up HOH2Q=
——e P Ph P Ph———
A 7 |
Me,Al, ~
To=" n Me,AlIO £

Takahashi, F.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2023, 2, 162. 14



Unique Reactivity of Dialminoalkene (1)

MeAICI (2 eq) R AlMe, | (CH50), (4 eq) HOH,C CH,OH
. Na dispersion (2.2 eq) —_— 60°C,1h _ ’—._)\l
R————Ar P R——— il .,
4-MeTHF/hexane | Me,Al Ar K/. 1 R
=78 °C, 30 min L
CH,OH CH,OH CH,OH CH,OH
HOqu HOqu HOqu HOqu “\\\‘
R— I R—— o-tol———— o-tol——— |
\ \ \
R =Ph: 86% R =Ph: 57% total: 60%
R =t-Bu: 75% R=TMS: 48% (r.r. =70: 30)
R = n-Bu: 57%

Further transformation:
OH (o) N

(@) (@)
Ph ~— NMe v
~

\
(1]

Ph CH,OH

84%

OAc OAc

HO HOHZQ:

Ph———

AUC'(PPh3)4
AgOTf
p-TsOH
92%

O‘IIII

o
=
o
L

[
X 1.%

thiourea

2. Ac,0 Ph
pyridine

34% (2 steps)

Takahashi, F.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2023, 2, 162.
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3. Regioselective Difunctionalization (main paper)

nature synthesis

Article https://dol.org/10.1038/s44160-023-00439-8

Reductivestereo-andregiocontrolled
boryllithiation and borylsodiation of
arylacetylenes using flow microreactors

16



Unsymmetric Difunctionalization
Na dispersion CuCN-2LiCI

‘PentMgBr Ar _[MQ] electrophile A _ R?
Ar———R > >_< - >_<
[Mg] R R R o
(E)-selective electrophile: MOMCI, allyICI, (CH,0),,, Av
Next goal: - @ -
R M

reductant (2 eq) 0. O
B(OR);(1eq) | M \B(OR)2 electrophile R’ B(OR),

Ar——R -----cevvevee- o —/ e —
Ar R Ar R
M= Na or Li unsymmetric difunctionalization
(high reactive) applicable to much more electrophiles

Challenge: Controlling of the reactive intermediate —application of flow system (micro reactor)
Advantage of microreactor: mixing efficiency, applicable to short-lived intermediate

mixed in very small space
m | — good mixing efficiency
|

changing the length of path

N
+I reaction time control by

froilln 230930_RR_Yutaro_Yamada

— regulation of the reaction order

1.
2. See also. 230203 LS Masanori NAGATOMO, 140301 _Takefumi_Kuranaga

Hartman, R. L.; McMullen, J. P.; Jensen, K. F. Angew. Chem. Int. Ed. 2011, 50, 7502.
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Optimization in Microreactor (1)

..................................................... . pinB TMS
Ph———Ph : 4 mUmi CR) o :
mL/min . .

A1 ea) : Li:” “B(OR), ! Ph  Ph
B(OR); (1 eq) Y-shaped (0.14 s) - ; B (desired)
(0.2 M in THF) ' mixer Ph Ph :

i (@=250 pm) pinB Bpin

LiC4oHs - .

(0.25Min THF) : 8 mL/min
: Ph Ph
TMSOTf : 4 mL/min :
(0.6 M in Et,0) 0°C i ™S Ph
i t
microreactor PH ™S
B(OR); B C D
B(OMe);? 15% 0% 9%
B(0i-Pr);? 12% 0% 22%
MeOBpin 60% trace 5%
EtOBpin 72% trace 4%
i-PrOBpin 68% 0% 3%

2 the resulting solution was treated with pinacol (1.5 eq)

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192.
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Optimization in Microreactor (2)

_________________________________________________________ . pinB TMS
Ph————Ph : Limi 5 o ; —
: X mL/min . :

A1 ea) Li:” “B(OR), i PA  Ph
EtOBpin (1eq) : Y-shaped time - >=< : B (desired)
(0.2MinTHF) :  mixer Ph Ph :

i (®=250 pm) ' pinB Bpin

LiC10H8 . : —

(0.25 M in THF)  : 2x mL/min .
: : Ph Ph

TMSOTf : x mL/min : c
(0.6 M in Et,0) temperature ' TMS Ph

microreactor
Ph TMS
D
temperature ) ¢ time A (rec.) B C D

0°C x=4 0.14s 0% 72% trace 4%
-20 °C x=4 0.14 s 0% 84% trace 3%
-40 °C x=4 0.14 s 0% 64% 0% 2%
-20 °C x=4 1.96 s 0% 75% 1% 2%
-20 °C x=1 0.14 s 35% 34% 1% 4%

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192.
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Substrate Scope

Ph————Ph 4 mLimi R '
A(1e ' mL/min E
(+ q) : B(OR)2:
EtOBpin (1eq) : Y-shaped (0.14 s) / > < :
(0.2Min THF) :  mixer :

} (®=250 pm)

LiC4oHg T-shaped pinB R
(0.25 M in THF) | 8 mL/min mixer : >=<
electrophile : 4mL/min Ph Ph
(0.6 Min Etzo) ' -20 °C E
microreactor
pinB R pinB R pinB R
electrophile s electrophile s electrophile >=<
Ph Ph Ph Ph Ph Ph
TMSOTYf R=TMS (81%) Czcle R=ClI (84%) CGFGa R = C5F5 (78%)
CD;0D R=D(77%,97%D)| PhCN  R=COPh (47%) o HO~ O/
R = Sn(n-Bu), PhCNO R = CONHPh (70%) I _/ R
n-BusSnCl 790, .7 = 96:4) R” R
’ Ph,P(=0)Cl R =POPh, (66%) PH Ph
MeOTf R = Me (88%) MeSSMe R = SMe (79%) E = ::;lh, |I'\|n: 83‘2)0/
= e, Nie: (]
FN(SO,Ph),  R=F (57%) PhSeSePh R =SePh (71%) R = —(CH,)s—: 75%

4 NaC4oHg was used instead of LiC,¢Hg

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192.

20



Regioselective Reductive Difuncionalization

PA——R ! R o : MeO
. mL/min . .
A (1+e“|) : Na”  “B(OR),
i-PrOBpin (1 eq) Y-shaped (0.14 s) / — ]
(0.2 M in THF) i mixer R' R? :
} (®=250 pm) :
NaC1_0H8 T-shaped
(0.25 M in THF) : 8 mL/min mixer
(®=500 pm)

o 4 L/mi
H [ ]

(0.6 M in Et,0) microreactor

yield (B:C) R yield (B:C)

R
R = Me: 67% (91:9) — p-OMe: 76% (>99:1)
R  R=TMS: 79% (<1:99) ) m-OMe: 90% (28:72)
R = Ph: 73% (<1:99) \ ,\OMe 0-OMe: 51% (<1:99)

R = -g%Ph . 58% (<1:99)

(Rationale for regioselectivity (my proposal)\
Me? 52% (>99:1) * O
Ph——\
n-Bu? 59% (95:5) R
2 LiDBB was used instead of NaC,oHg When R is electron rich, anion is more
kreactive due to electron repulsion.

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192. 21



Further Transformation

Ph——— TIMS - A
— R X
\_7 : 4 mL/min @/0. i
A (1 eq) (RO)2B Li
_ + Y-shaped 014 s — :
i-PrOBpin (1 eq) mixer ( ) /Ph R

(0.2 M in THF)

: (®=250 pm) : . .
. in
NaC10H8 P

(0.25 M in THF) : 8 mL/min

: _ : Ph R

: 4 mL/min '

. -20°C (70%)
C>Clg D e e - m e e e e mmm————r——————— i 1459

(0.6 M in Et,0) .
microreactor

NC—@—I NC MeO—@—B(OH)z NC Ole
Ph(Pt-Bu), (cat) Ph(Pt-Bu); (cat) O O
Cs,CO; Cl Cs,CO;
> >

1,4-dioxane/H,0 1,4-dioxane/H,0

50 °C, 91% Ph R 80 °C, 76% O O

TMS
substituted with four different aromatic rings

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192. 22



Na dispersion
B(OMe);

Na dispersion
°PentMgBr
or Me,AICI

—R

Ph >

LiC4oHg
EtOBpin

Summary

®
_ 2 Na
© O
(MeO)3B B(OMe)3
| PH R
M] R
Ph  [M]
B R
JNC
Li”" “B(OR),
- Ph R

pinacol

pinB
-

Bpin

Ph R
Z-selective

CH,OH

— -

> >_<— Ph

Ph E

U

when [Al]
unique reactivity

when [Mg]
E-selective

® E

E Bpin
>

Ph R

Z-selective
(enabled by microreactor)
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Appendix



Control Experiment in Batch Reaction

Ph——Ph LiC4oHs (2.5 eq) o Et TMSOTf (3 eq)
A (1 eq) THF, -20 °C, 1 min; v O ~20 °C, 1 min
+ ,B Li ?
O —
EtOBpin
(1 eq) Ph Ph
yield (%)
procedure A B c b
LiC4oHg
= in THF TMSOTf
N 1 min 1 min
f\ G » quench : 10 14 6 12
A and EtOBpin
in THF
. A and EtOBpin
in THF TMSOTf
1 min 1 min
f\ C » quench : 9 27 11 4
LiC4oHsg
in THF

pinB TMS
Ph Ph
B (desired)
pinB Bpin
Ph Ph
C
TMS Ph
Ph TMS
D

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192.
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Optimization of Regioselective Difuncionalization

PT=\ g R meo
: 4 mL/min . :

A (1 ea) : Na:~ “B(OR),
B(OR); (1 eq) Y-shaped (014s) _~ ) :
(0.2 M in THF) i mixer R! R?

: (®=250 um)

MC19H3 T-shaped

(0.25 M in THF) : 8 mL/min mixer
: (P=500 pm)

2 4 L/mi
H n

(0.6 M in Et,0) microreactor

B(OR); MCoHg B C B:C
EtOBpin LiC4oHg 44% 26% 63 : 37
EtOBpin NaC,oHs 52% 9% 85:15
MeOBpin NaC4oHg 45% 9% 83:17
i-PrOBpin NaC,oHs 60% 6% 92:8

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192. 26



Trial of Isolation of Intermediate

—_— R R R R R i @
Ph——Ph : i

A (1 eq) : 4 mL/min
+ n
i-PrOBpin (1 eq) » Y-shaped
(0.2 M in THF) mixer
1 (®=250 um)

I-iC1_0H8 . : not isolated isolated
(0.25 M in THF) : 8 mL/min —20 °C
: 20 °C .
microreactor
R Ph Ph 2L
'O\
i B(OR), Bpin dimerization
> < —_— > < —_— me@ ©Bpin
Ph Ph

with MeOCH2CH20Me

Jiang, Y.; Kurogi, T.; Yorimitsu, H. Nat. Synth. 2024, 3, 192. 27



Rationale of the Stability of Intermediate

®
R Ph Ph 2Li
0O > <
Li’ B(OR)Z B(OR), dimerization
>=< _ >_< ——> (RO;BO OB(OR)
Ph Ph > <
Ph Ph
when R = Me, fast
l TMSOTf
TMS B(OR)2 B(OR); TM TMSOTf

D= = H=0 —= ="

1 L unstable?

T™S B(OR),

Ph Ph

favored in
pinacol

28



AntiDizincation

2.0 equiv Zn electrophile

2.0 equiv Na dispersion n Hel aq Ph H
Ph—==—Ph >—{ —
1a THF (0.2 M), —20 °C, 05h 7 H  Ph
2a
Entry Zn electrophile yield (%) E:Z¥
1 ZnCl,, at 0°C 38 90:10 2.0 equiv ZnCl(tmeda)
. 2.0 equiv Na dispersion Ph Zn
2 Zncl, 62 99:1 Ph—= : - =
d THF (0.2 M), -20°C, 0.5 h zi  Ph
3 3.0 equiv ZnCl," 77 90:10
4 ZnBr, 64 94:6 2 mol% PdCIx(PPh3),
2.2 equiv p-iodoanisol Ph Anis Ph H
5 anz 33 78:22 equiv p-ioaoanisoie . >=< >={ -
6 ZnCl,(tmeda)™ 94 93:7 S —-__ 1 S
nCl,(tmeda) : additional conditions 3a 2a recovery
7 ZnBr,(tmeda)? 80 94:6 X EosoUp ing
8 Znl,(tmeda)" 79 90:10 no additive 0% E: za 2 S&z 15%
[d) .
9 ZnCl,{tmpda) 47 85:15 4.0 equiv ZnCl, 72% 0% 7%
10 ZnCl,(teeda)" 99 83:17
4.0 equiv ZnCl o 5 o
11 ZnCl,(btmeda)" 99 86:14 60 -cc,' 3p 93% 0% 5%
12 ZnC|(OCH2CH2NMez) 87 70:30 Anis = p-MeOCsHs.
[a] Yields and E/Z ratios were determined by 'H NMR using dibromo-
methane as an internal standard. The remainder is the recovery of 1a. [b]
3.0 equiv. of both ZnCl, and Na dispersion. [c] tmeda = Me,NCH,CH,NMe,.
[d] tmpda = Me,NCH,CH,CH,NMe,. [e] teeda - Et,NCH,CH,NEt,. [f] btme-
da = (CH,),NCH,CH,N(CH,),.
29

Yamaguchi, H.; Takahashi, F.; Kurogi, T.; Yorimitsu, H. Chem Asian J. 2024, 19, e202400384.



Dimagnesiation with MgX2

2.5 equiv MgBr» 4.0 equiv electrophile
_ 2.5 equiv Na dispersion 10 mol% CuCN-2LiCI Ph E
2.0 equiv MgX; Sl THF (0.2 M) T - =
20equivNadispersion Ph. MgX po Ph D 1 0°C.05h E N
Ph—=—~pPh — - >={ —_— ) -l
- THF (0.2 M) XMg Ph D Ph Ph /0H Ph Ph OMe
0°C,05h A-X 2a-0, =\ \ m )=<
— Ph N Ph MeO Ph
intry  MgX, Yield (%) of 2a°  %D® £jZ: "0 12 eon 8a 5% 0 622
(98:2)
_ =3 with isobutylene oxide with allyl chloride with MOMCI
1 Mg(OTf), <1 o .
2 Mng <] - .
3 MgCl, <] - -
4 MgBr; n 98 89:11
5 MgBr; (2.5 equiv)* 98 97 87:13
6 Mgl 37 —d 62:38 v

*Yields and E/Z ratios were determined by FID-GC analysis using tetradec-
ane as an internal standard.
® Deuterium incorporations in (E)-2a were determined by 'H NMR spectros-

copy.

L 1 g s with 2.2 equiv Ans-|
©With Na dispersion (2.5 equiv). 2.5 equiv ZnCh
4 Deuterium incorporation in (E)-2a could not be determined due to over- go "1‘?% ':ldcb(PPha)z

lapping with '"H NMR signals of other products.

Scheme 3 Synthesis of tetrasubstituted alkenes via transmetalation to
copper; Ans = 4-MeOCgH,.

Yamaguchi, H.; Takahashi, F.; Kurogi, T.; Yorimitsu, H. Synthesis 2024, 56, 3307. 30



