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Ylide-borane reaction

MCH, + R;B —> [MCH.BR:] —> R,B(CH.),R + M
I

II [Ila, n = 1
b, #n = 2
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Synthesis and Applications of Chiral Organoboranes Generated from
Sulfonium Ylides
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Abstract
The reactions of aryl-stabhilized sulfonium ylides with QI:HEJ?EHE homologation reactions?
trialkyl/triarylboranes have been investigated. Clean . . .
monohomologation of the boranes with only a small using substituted ylldes
amount of the higher homologation products (<10%) was I RR o
observed. The homologation products were isolated as the ~ H—" )H\ “Léjj T
alcohols (treatment with H,02/NaOH) and amines 5T OAT 4 BRy SOA | HER A;r; 2
(treatment with NH,0S03H). Although the reactions were o o AR N
conveniently conducted at 5 °C, the ylide reaction with NH0SOH ™ S
tributylborane was very fast even at -78 °C (complete after 205% e

15 min). Use of chiral sulfides rendered the reactions
asymmetric, and high enantioselectivity (>95% ee) was
observed in all cases. The ylide-borane reaction was
applied to short syntheses of the anti-inflammatory agents
neobenodine and cetirizine, both of which contain a chiral

diarylmethylalkoxy and diarylmethylamino moiety, respectively.

J. Am. Chem. Soc. 2005, 127, 6, 1642-1643
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Bu_ Bu & - T8%yield
B A\
CQ_{‘/\ Bu Ph
+
Ph B BU2 b OH
L I .= b "
Ph U™ o o
Ph Ph
4am 6am

11% yield

Scheme 1. Reaction of Sulfonium Salt 1a with Tributylborane 2m?
4 Conditions: (a) 1.2 equiv LIHMDS, THF/dioxane, -78 °C; (b) Ho05/NaOH.
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entry

"Bu

"Bu

Et

Et

Ph

BF,~ 1.2 eq. LIHMDS,
N THF/dioxane, 5°C X
I:;S_\ + BR3 > )\
Ar Ar R
1.5 eq.

1a: Ar = Ph 2m R ="Bu s X=BRay(j) 3
1b: Ar = 4-MeCGH4 2n R = Et (")( X=0H 5
20 R =Ph X =NH; Y

(i) H,0,, NaOH, (i) NH,0SO,H

Ar X compound/yield (%)?
Ph OH Sam/78

Ph NH, 7am//4

Ph OH San/76

Ph NH» 7an/77

4-MeCgHq OH Sbo/87

™, 'Hlﬂﬂﬂﬂlr-v
Mo, L1 o1
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BF,

. fech Uni it
N 1.2 eq. LIHMDS ech University
S/\©\ dioxane/THF, 5 °C X
+ BR - -
r1 2 Ar” R
0]
9aR'=H: 2mR="Bu X = BRz)() 1
9bR'=Me 2nR=Et (||<x OH
9¢cR'=Cl 20R=Ph X = NH, 13
(l) H202. N&OH, (Il) NH20803H
entry R Ar X product yield®/ee® (%)
1 "Bu Ph OH 12am 70/95
2 "Bu Ph NH, 13am 72/979
3 Et Ph OH 12an 73/96
4 Et Ph NH; 13an 68/979
5 Ph A-MeCgHy OH 12bo 87/95
6 Ph 4-CICgH4 NH, 13co 68/969

™, {lemrﬁ:“?:?"
- o1




Si face
inaccessible

Bu Bu
H-1/_By
r K\ s
S” “Ph

G LR B

ShanghaiTech University




Eig R EAT

ShanghaiTech University

ARTICLE | January 23,2018

Transition-Metal-Free Suzuki-Type Cross-Coupling Reaction of Benzyl Halides and
Boronic Acids via 1,2-Metalate Shift @ cicx o copy aricie in

Zhiqi He, Feifei Song, Huan Sun, and Yong l—(uangfr
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Abstract

Cl

Cross-coupling of organoboron compounds with electrophiles
(Suzuki—Miyaura reaction) has greatly advanced C—C bond formation
and has been well received in medicinal chemistry. During the past 50

years, transition metals have played a central role throughout the

catalytic cycle of this important transformation. In this process, (HOY® !
chemoselectivity among multiple carbon-halogen bonds is a common F)CO/’:‘/‘/\C' . < }J‘} et Q’\Ojﬂﬂos
challenge. In particular, selective oxidative addition of transition metals jf_/‘ e vy I bty i 5 ™

to alkyl halides rather than aryl halides is difficult due to unfavorable “ e i

transition states and bond strengths. We describe a new approach that e, o Sy

uses a single organic sulfide catalyst to activate both C(sp®) halides

and arylboronic acids via a zwitterionic boron “ate” intermediate. This

“ate” species undergoes a 1,2-metalate shift to afford Suzuki coupling

products using benzyl chlorides and arylboronic acids. Various diaryl

methane analogues can be prepared, including those with complex

and biologically active motifs. The reactions proceed under transition-metal-free conditions, and C(sp?) halides, including aryl
bromides and iodides, are unaffected. The orthogonal chemoselectivity is demonstrated in the streamlined synthesis of highly
functionalized diaryl methane scaffolds using multi-halogenated substrates. Preliminary mechanistic experiments suggest both
the sulfonium salt and the sulfur ylide are involved in the reaction, with the formation of sulfonium salt being the slowest step in

the overall catalytic cycle. J. Am. Chem. Soc. 2018, 140, 7, 2693-2699
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(HO)»
OBn e OBn
/©/\ N S" catalyst F4CO N
F4CO

L
o

transition-metal-free C(sp®)-C(sp?) cross coupling 76%
a sulfide organocatalyst

Cl 1,2-metallate shift of a key boron "ate" intermediate
exclusive selectivity of alkyl over aryl halides
60 examples, up to 84% yield

Cl

c) Proposed Sulfide-catalyzed Cross-coupling

Rs S’ \®/
O]
O °H>2 B(OH)z
@ sy +H,0
Zwitterionic ate comlpex - B(OH);
1,2-metallate shift

&@
Organocatalyst

Sulfur yllde
\Cg/

o Reactivity towards ylide formation:
X C-X(sp®) >> C-X(sp?)
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cat. (20 mol % )

Br 2 equiv K4P5,07
+ (HO)ZBOOMe
MeCN, 110°C, 24h OMe

1a 2a (1.5eq) 3aa
S S
C O @/\S/\© Il J\
P\ = <
7 N” °N
S[2 N tS Ph Il“‘hph I I
.2]-sigmatropic rearrangemen ) .
cat. 1 cat. 2 cat. 3 cat. 4 cat. 5 K4P207 EXh|b|tS the beSt Overa”
3aa: 22%; 1a: 7% 3aa: 24%; 1a: 5% 3aa:13 %; 1a: 2% 3aa: 5%; 1a: 12% 3aa: 7%; 1a: <1%
j instabiliy of those sfdes balance of activity and basicity
S
N
e w10 QO O
0 = HCI
cat. 6 cat. 7 cat. 8 cat. 9 cat. 10
3aa: 5%; 1a: 3% 3aa: 6%; 1a: 14% 3aa: 10%; 1a: 50% 3aa: 21%; 1a: 40% 3aa: 28%; 1a: 23%

instability of those sulfides

seslicesilivesuliveclloes

cat. 11 cat. 12 cat. 13 cat. 14 cat. 15
3aa: 47%; 1a: 16% 3aa: 41%; 1a: 2% 3aa: 40%; 1a: 0% 3aa: <1%; 1a:<1% 3aa: 19%; 1a: 23%
?z I\I/Ie l|3h IIDh Ar
oo, oo Lo oot oot
\rIl S hll/ s s S S
cat. 16 cat. 17 cat. 18 cat. 19 cat. 20, Ar = p-anisole
3aa: 19%; 1a: <1% 3aa: 52%; 1a: 4% 3aa: 62%; 1a: 5% 3aa: 67%; 1a: 2% 3aa: 68%; 1a: 2%

cat. 20 ( 20 mol % )

cl 2 equiv K4P207
+ (HO)ZB—Q—OMe
MeCN, 110°C, 48h OMe

4a 2a (1.5eq) 3aa: 86% (80%)?
without cat. 20

Cl 2 equiv K4P,07
+ (HO),B OMe
MeCN, 110°C, 48 h OMe

4a 2a (1.5eq) 3aa: < 1%
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U > * . §)
4 2
benzyl chlorids
D/\A' /@\N
Me Ph
3ba, B4% 3ca, 74%
O/\A, Q\N
F Cl
3ha, 67% Jia, 75%
| ¢ Cl
Ar
@/\ A'
Cl
3na, 65% 30a, 82%
F
F
v F
F

3ta, 37%*

cat. 20 ( 20 mol % )
2 equiv K,P,0;

MeCN, 110°C

o
tBu

3da, 79%

o
Br

3ja. 80%

3pa, 64%

Me \©/\A{

Me M

Jea, 77% 3fa, 76% 3ga, 58%
3ka, 57%° 3la, 41% 3ma, 60%
Ar
F4C
O\Ar E10. 7/(D/\ ) O/\Ar
N
- o
3qa, 68%"° 3ra, 72%"° 3sa, 74%"

' Ar

3Jua, 69%

3va, 40%

3wa, 70% 3xa, 79%
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boronic acids

"

Jaa. 80%

OMe

Ph

e

OiPr
3ag, 81%°

F
sl i ¢

OFE!

3am, 61%

Me
Ph \ Ph ™~ ,—-L‘. /',r: X
N N"~0 FiCO Ny e
Ts Bn ‘ )

Me

3ab (44%)"

"

3ah, 52%°

ph/ﬁcl

OMe

OPh

3an, 79%

Me 3as, 45%°
.t OMe
1L T,
\=N OMe
FiC p
3yv, 52%
celecoxib derivative

"0

"L
Cl

Ph

3ac, 50%°

OTBS

3ai, 72%°

OMe

3a0, 52%

3at, 57%'¢

beclobrate, 51%°

Me,_Et
J
0~ “COOE!

"L
NPh;

3ad, 81%
Ph/\© Me
NMe
3.‘ “m)o cd
Ph/UMe
OMe

3ap, 73%"°

)
/=

)
(v

m\/@\

SMe
3ae, 53%
OMe
PH/UOL‘G Ph
OMe
OMe
3ak, 54%°¢ 3al 58%5¢
Ph/UO\ Pn/\@\.
/ /
(6] 0
3aq, 44% 3ar, 72%
3wu, 76%7
bazedoxifene dervative
L
AN
H| )
ﬂ I~/
H| H
N

ol Dl

3rw, 65%"9
androsterone derivative

M
I
H
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Mechanistic experiments

(a) The Friedel-Crafts pathway

@” @ v ) oue

10 (1.5 eq)

cat. 20 (20 mol % )
2 equiv K4P,07

II II OMe

3aa: <1%
no base: 3aa: <1%

MeCN, 110°C

4a, 0.5 mmol

(b) The reactions using boronic esters

O QL
+
OMe

cat. 20 ( 20 mol %)
2 equiv K4P207

MeCN, 110°C

BX,
4a, 0.5 mmol (1.5eq)
{BX, = Bneo or Bpin | ‘ ‘\ .

(c) Cross-coupling using sulfonium salts

(o)
@: D (HO)28\©\ 2 equiv K4P507
+
ol OMe MeCN (1mL) OMe
Ph) TfO" rt,24h
12, 0.1 mmol 2a,1.5¢eq 3aa: 51%

Eig R EAT
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(d) In situ sulfide ylide formation and subsequent cross-coupling for cat. 11

o} o}
Toluene (0.5 mL)

+ LiIHMDS .

S S

bright yellow
bi -20°C, 10 min ) solution
ph”  TO" 12eq Ph
12, 0.025 mmol
X,B
R T Toluene (0.5 mL) ( j\R

3aa or 3ax 24 h r.t.

entry X R T yield
1 boronic acid -OMe r.t. 55%
2 boroxine -OMe r.t. 27%
3 boroxine -COOEt it trace
4 boroxine -COOEt 60 °C 23%

(e) In situ sulfide ylide formation and subsequent cross-coupling for cat. 1

Toluene (0.5 mL)

Ph/\+SQ +  LiHMDS
TfO"

-20°C, 10 min
13, 0.025 mmol 1.2¢eq
OM r.t. Toluene (0.5 mL)
€ 24h
3aa, <1 % e

better nucleophile
poor leaving group
disfavor the 1,2-metalate shift

Ph/\SD

OMe

2a or 2a-boroxine
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A Thioether-Catalyzed Cross-Coupling Reaction of Allyl Halides
and Arylboronic Acids

Jingwei Xu, Zhiqgi He, Jiwei Zhang, Jiean Chen )%, Yong Huang 54

First published: 30 August 2022 | https://doi.org/10.1002/anie.202211408 | Citations: 5

Me

Me
find full-text with SFX (HO),B
(0~ U U~
/©/\CI N s catalyst F3CO N
+
S F3CO
i= SECTIONS = PDF \ * transition-metal-free C(sp®)-C(sp?) cross coupling 76%
a sulfide organocatalyst

Cl 1,2-metallate shift of a key boron "ate" intermediate cl
exclusive selectivity of alkyl over aryl halides

G ra p h i ca I Abst ra Ct 60 examples, up to 84% yield

An organocatalytic cross-coupling of allyl bromides and arylboronic acids was developed using a
designer thioether catalyst. Preliminary mechanistic studies suggested the involvement of a key
sulfoxonium ylide that binds to the arylboronic acid and triggers 1,2-aryl migration.

O\, X OH S catalyst 9\, Ar
//w}/ + Ar—B - /X
\
OH weak base

g _ Scatalyst  via j\_/\ -
2y il N /\ X

\
80
oy)
7]
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A) Transition-metal-catalyzed allylation of arylboronic acids T T SRnmmneiTeen University
= LG OR ML,, base _ Ar M
\/T . Ar_B\ _ o \|/\/Q
OR heating Ar
LG=X,0,N, H transition metals; inert atmosphere

B-hydride elimination; regioselectivity

B) Sulfide-catalyzed allylation of aryboronic acids (this work)
organocatalysis

= X OH S catalyst
\/T + Ar—B: - = Ar
OH weak base
no B-hydride elimination

< |base , mild conditions
- HX protodeboration ,
no interference by Cgpp-X

OH HO

2 - -S| B-OH
\/\g\’,\APH %ﬁf;\r

sulfonium ylide boron "ate" complex




A) Initial allyl-aryl cross-coupling using sulfide cat. 3a I ?ﬁ *3'_ j:i I Ry

3a (20 mol%) . . .
ShanghaiTech University

B(OH), _ o
EtO,C.~_Br + /©/ K4P;07 (2.0 equiv.)
MeO EtO,C._~

MeCN, 60 °C, 24 h
1a 2a 4a, 9%

B) Deactivation of cat. 3a

OMe OMe
OMe
3a
charge modulated
Ph A~ Br [3,3]-rearrangement
N OMe N OMe
o™ CL (X ]E?
C) Structure-reactivity relationship of cat. 3 o .
v solvent and base did not result
6 . . . . .
o424, KD Az electronic and topological modification
} W
E@ : 0 3 - :\w v
as dioxane, 75°C e “‘w » b o o
Catalyst 3a
P CCDC-2192889
H 1a conversion: 81%
/ 1 - RO,
70% I\L'\;eo 4a yield: 6%
H 1
60% a,‘;* }" 113.42 )

MeO G/e/'- -fd

50% i CF3
40% Me |[L/|< [\liie CF il # 82;0
30% I-L«O MeO He 3 MO Cgl;g-lg:;zsgoo \0’\‘ g
i e BR0, ~
20% MeO e s ”\, e
' Catalyst 3i

10% I N
0% CCDC-2192901
3 3b 3¢ 3d 3i 1a conversion: 62%
4a yield: 51%
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A) Sequential formation of reaction intermediates

OMe

TMSOTf N
/\/\ r.t. ﬁ
EtO,C Br + Me i N @g

1a Np g -78°C :
S

no reaction white precipitate 74

S salt
CO,Et

LIHMDS OMe
G OMe -78°C ’@
/©/ Me
(HO),B 2a N
4a, 42% B0\ warm to r.t. % @g

B
7
CO,Et
B) Electronic effect on 1,2-migration R R
BF, /©/ =
; R=F:<5%
Phg~ 7 NaH(10equiv) Ph. > (HO)B coc R=H:23%
| | i ‘
Ph A" THF, 0°C, 15 min Ph B' Dioxane,rt, 6h 22\ R =MeO :64%
C) Alternative synthesis of catalyst 3i under strict transition-metal-free conditions
OMe
NH; 5 KI (20 mol%) OMe
Me DMSO (20 eqUiV.) Me Coupling
+ + Sg > _ =
PhCI (0.33 M), 150°C, O; @/Np reaction Et02C—\
S
e 3i, 41% 83% vs 81%
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Table 1. Generality with respect to the allyl bromide.[?]

B(OH), 3i (20 mol%) OMe
b - Q/ K,CO3 (2.0 equiv.) Q
MeO .

Dioxane (1 M), 75 °C, 24 h

1 2a 4
0 OMe OMe 0 [::j/OMe‘” OMe
EtO PhO & g Ph
4a, 81% 4b, 79% 4c, 74% 4d, 69%
OMe OMe
O Me OMe Me.__Me OMe
Z Me
C Kl ey
MaO Me
N 4e, 79% 4f, 82% 4g, 69 % 4h, 75%
OMe
OMe ©/ OMe ___ __ OMe
//\V/E::]/ Z OMe [::j/ uﬂnk;J:::r
. <jj¥::]/p\V/ |\f"\// L\y%\
4i, 51%[°! 4j, 76% 4k 71% 4, 72%

Ad

OMe s OMe
L k N V\/@

oM
. OMe
F v/\f?r "~
4m, 76% an, 70% | 4p, 68%

S OMe MeO ©/0Me
=110 510} |9
/\/O/ /©/ /\D)J\y\/A
49, 62% Br 4t, 60%

OMe OMe
/O Y A (})k%\/
M = s » /©/\

{

4ar, 79 % 4s, 83%° i 4u, 62%°
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Table 2. Scope of the reaction with respect to the arylboronic acid.l?) J: ?ﬁ *3'_ jii j( "%."

3i (20 mol%) ShanghaiTech University

B(OH);  K,COj3 (2.0 equiv.)
RO,C™ g + RO,C™ X
Dioxane (1 M), 75 °C, 24 h

1 2 5
Me Me Me
Me, Ko o OPh
Me
S0\ Et0,C EtO,C
26\ Et0,C—\ Et0,C—\ 2™\
5a, 63%!"! 5b, 64%°] 5¢, 72%"! 5d, 86% 5e, 70%
Me
<:/—\ NPh, SMe O’ \o OCF;
EtO,C EtO,C E1O,C EtO,C
Et0,C \ \ \ 2 \ \
5f, 82% 5g, 96% 5h, 68% 5i, 71% 5j, 43%°]
Me
R OMe R OBn
Me
MeO,C \
EtO,C \ EtO,C \ — OPh
MeO,C
5Kk, 76%!°! 51, 72% 5m, 67%°! 5n, 59%
CQ C Br
W, EtoZC& MeDay
MeO,C—\
50, 67% 5p, 70% 5q, 80% 5r, 54% 5s, 31%°]
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Ph
o Tech University
M OM
/\/@:O e /\Cj\/\/O/ e
A
~ OMe O
mythyl eugenol 6a, 55%!! estrone derivative 6b, 69% cyclododecanol derivative 6¢, 63%

oM
:ﬁ\//“\/J:::I/ e
o
@)

cholesterol deravitive 6f, 78%

OM
Me @/ e
)\O:“ Ve OMe
|\/|ell
Me

carvone derinative 6d, 81%  myrtenal derivative 6e, 70%
Mef,‘

Pr

Me i
Pr
OMe OMe
e jcJ)\/\/Q/
=
Y s
Me Me Me

phytol derivative 6g, 77% vitamin E deravtive 6h, 81%

‘ ﬂlﬂﬂﬂﬂﬂlr-r i
o1

- _Z?Z.é AA ﬁ‘ﬂ 1712
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