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General classifications of [2,3]-sigmatropic rearrangements

a) Neutral
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General classifications of [2,3]-sigmatropic rearrangements

a) Neutral
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Onium ylides from metal carbenoids
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Ammonium ylides from quaternary ammonium salts
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Overview of catalytic [2,3]-rearrangements discussed

a) Neutral
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b) Anionic
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[2,3]-Wittig rearrangements
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Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Onium ylides from metal carbenoids
R

Yoy — LRI
N2 X\) >

X = R,N, RO, RS, halogen

R

Onium ylides generated from metal carbenoids 15 and subsequent [2,3] rearrangement
(X =R2N, RO, RS, RSe, Br, or )

2
R"J-HTR N, R R X/\/\R:g +[ML] R1 * N
+ n )
N, [ML,] 16 X R
R1lk(%R2 R3
I’y




Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Rearrangement of oxonium ylide 55 generated from alkoxy-substituted diazoketone 54

0 @]

@)
N
=2 Rhy(OAc), (1 mol%) /Lgfe [2,3] ﬂ
O/\/ CgHg, 1t - O S

(+)-54 L i 56

Enantioselective synthesis of (+)-griseofulvin 59

OMe O , OMe ¢
co.Me "N2(Piv)s
2" (5 mol%)
Ha, A
MeO o N2 CeHe, & V160
Cl \\"‘K/\
+)-griseofulvin 59
97‘?/7ee 62% N
° >95:5 dr

J. Am. Chem. Soc. 1986, 108, 6060-6062; J. Am. Chem. Soc. 1991, 113, 8561-8562.
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Isotopic substitution suggests metal-bound non-ylide mechanistic pathways

O 0
E:\H‘H‘/C%Et (1- 10 mol% COgEt . CO,Et
12-DCE, A
o N2 O
K/’ 70

68 cat. 69:70
o="13C Rhy(OAc); 76% 98:2
Cu(acac), 43% 85:15

[Ir(cod)Cll, 37% 47:53

Chem. Eur. J. 2014, 20, 5454-5459
e



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Diastereoselective intermolecular oxonium ylide formation and [2,3]-rearrangement

a)
o) Rh,(OAc), O Ph O
1 mol% ‘e

EtoJ\ F MeO” > ph ( o, Etow v il

| CH,Cl,, rt

N2 21 OMe
20 (2 eq) 22 73:27 MeO

92%, 22:23 23

83:17 drsyn:anﬁ

Enantioselective version using oxazolidin-2-one 24 as a ligand

b)
0 Rhy(4S-MEOX), O Ph O
(1 mol%)
EtoJ\ + MeO” N ph - Etow + PN Ph
| CH,Cls, rt B
N> 21 0 OMe
20 (2 eq) )J\ 25 89:11 MeO
O° 'NH 36% 25:23 23
\_/-,, 85:15 dranti:syn
COQMG 98% ee

4S-MEOX-H (24)

Tetrahedron Lett. 1988, 29, 5119-5122; J. Am. Chem. Soc. 1998, 120, 7653-7654
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Enantioselective [2,3]-rearrangement reactions using racemic allylic alcohols

a
) oy RhaS-DOSP),
MeO,C Ph J\/k (1mol%) MeOZC%/\ + MeO,C Ph
\”/\/ N R pentane, 0°C & 5H R Y\/
N2 4%9, R=H J 0 N
SI\ OH R Yield (%) 42:43 ece (%)a
/©/ o° H 74 >595 <5
Me 66 94:6 98

C12Hzs
(S)-DOSP-H (41)

J. Am. Chem. Soc. 2010, 132, 396-401



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Domino reaction sequence for the synthesis of cyclopentanes

a) on  RNo(R-DOSP), (0.1 mol%) ]
MeO,C Ph CaCl; (2 eq)
j{\/ * M heptane, 0 °C
N2 46 Oxonium ylide formation,
38 (1.2 eq) [2,3]-rearrangement
125 OC [3,3] OXY'cope,
tautomerisation
HO ) MeO,C._O -
MeO,C:.- Ene cyclisation
Ph Ph
51 - 50 -
71%
88:12 dr
91% ee

Chem. Sci. 2011, 2, 2378-2382
e



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Diastereoselective synthesis of indolizidines via intramolecular ylide generation and
[2,3]-rearrangement

Cu(acac),

(2 mol%) SiO, ~H

K i° - 7~ o
2
135
132 72%
>95:5 dr

J. Chem. Soc., Chem. Commun. 1994, 2701-2702
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Copper-catalyzed synthesis of substituted pyrrolidines

O Cu(acac), (20 mol%) _ @ (f
EtO PhMe, A ® Ci

o T
127 CO,Et 129
T o128 59%
>95:5dr
o M'P . @ Cu(acac), (5 mol%) [ﬁozEt
i PhMe, A ) b, _I-Pr
N, N N (l)f
130 127 131
56%
75:25dr

J. Org. Chem. 2003, 68, 4083-4086
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Stereospecific synthesis of substituted pyrrolizine cores

H\N Rh,(Cap), (5 mol%)

O
—=Z
T
O

N, PhF, it =~ PhS * |
R PhS_ "\ ¢
|__sph = M HH
219 220
218
() 60%
94:6 219:220

Synthesis of spirocyclic sesquiterpene (+)-Acorenone B

O CO,Et
Rh,(OAC), 2
(1 mol%)
CeHg, A

226
72%
>95:5dr

227

Tetrahedron Lett. 1996, 37, 6523-6526; J. Chem. Soc., Perkin Trans. 1992, 229-233
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Ring-contraction of cephalosporin core into a penicillin derivative

0 Ph/>r Ph/%“ X
EtO)H o) = § g
| xylene, 130 °C N .
N, o :
20 CO,Me MeO,C
150
53%
>95:5 dr
Synthesis of (+)-3-Hydroxybakuchiol
ﬁSiMei N-"gMe _dppeFeCly (5 mol%) MesSi , |
N, 1,2-DCE, 80 °C, 2 h MeS OH
163 | | |
(1.5eq) OH
166
167 (£)-3-hydroxybakuchiol
89% 168
67:33 dr

Tetrahedron Lett. 1972, 13, 2923-2926; J. Org. Chem. 2002, 67, 6711-6717
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Auxiliary controlled reactions of (a) allylicand (b) propargyl sulfides

0
Cu(MeCN)4PFg (20 mol%) O _
202 (22 mol%) _ /S“N 4
CH,Cl,, 0 °C, 10 h A Ph SD
Cl

cl —N  N= cl
203
Cl Cl LiAIH,
202

CH,Cl,, 0 °C, 15 min

205 ii) LiAIH4, THF, 0 °C to rt
200 (1.1eq) cl

J. Am. Chem. Soc. 2005, 127, 15016-15017
]

o)
O\\é' Jﬁ( @[CI i) Cu(MeCN),PFg (20 mol%)
SN 202 (22 mol%) W
z, + > HO 3
E 3/\ %



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Catalytic asymmetric trifluoromethylthiolation

Ny MLn* &2

»’ ' e *

Non-racemic free ylide

Chiral Nickel(Il) complex catalyzed enantioselective Doyle-Kirmse reaction of
a-diazo pyrazoleamides

../"“‘VS _ \/{—‘ E O
Ny \ffg\ Lz-PlPrsz1 (I, »‘{\ @%NH / 5 OQT“- ﬁ-.x'--(l;[YO
)G}\I/ S R1 N E fo) A
MLn :

N.
R’ Lk[r N metal carbene

O
LEWIS acid enantioselective

Lewis acid bonded ylide [2,3]-c-rearrangement : ! La-PiPr; : R = 2,6-PryCqHs

R = Ar, CH=CHR; R? = Ar, allyl, alkyl. R = H, alkyl, Ar. MLn* = L,-PiPry/Ni(ll)
34 examples; 46-99% vyields; 61-96% ee; 5-20 min in most cases

Nature Chemistry 2017, 9, 970-976; J. Am. Chem. Soc. 2018, 140, 3299-3305
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Catalytic halonium ylide formation from diazopenicillanate

H
Ny s > Cu(acac), (11 mol%) _ Bral S
N\)< oo Br it N\)<
0 : ‘

2 230 (excess) O -
/0 Vane)
O/\ \_ O/\ \_
151 cCls b3y CCly
48%
>95:5 dr
o Cu(MeCN)PFs (1 mol%)

121 (1.2 mol%)
EtOJm * CH,Cl,, A g EtOJW
N, 235 (4 eq) I
20 % 236
\) 62%
69% ee

t-Bu t—Bu

Tetrahedron Lett. 1980, 21, 395-398; Adv. Synth. Catal. 2001, 343, 112-117




Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Use of cyclopropenes as rhodium carbenoid precursors

Ph
Ph Rhy(OAc), (0.5 mol%)  pp pZ
D<Ph * PhS” > Ph T THFE.50°C. 18h =
169 157 Ph  SPh
(3 eq) 170
95%
68:32 dr

Use of substituted alkynes as rhodium carbenoid precursors

I
0O Rhy(OAC)4 (2.5 mol%) ==
AN .
« * PhST ™ UPh TTTEHLCL, A, 7 h <"
AN 157 (10 eq) =
CO,Me MeO,C
171 PhS  pp
172
93%
>95:5 dr

Org. Lett. 2015,17, 3322-3325; Org. Lett. 2003, 5, 2619-2621
s



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Tethered sulfoxides and alkynes as sulfonium ylide precursors

P Ph O
' Z PtCl, (10 mol%) X
Ph s® gl -
SN 1.2-DCE, 70 °C %
228 S
229
60%
83:17 dr

Alkynes as Gold Carbenoid Precursors

. [96-Au(MeCN)]SbFg A o)
(8 mol%) - [f
~F  9(3eq) N T RN

RO 1,2-DCE, 60 °C, 15 h R0 i
95 98 99
NO, R dr
P(t-Bu); N 4-MeOCgH, 43% >99:1
o BnOCH, 62% 61:39
N TBSO(CH,), 52% 80:20
96 Op
97

Angew. Chem., Int. Ed. 2009, 48, 8372-8375; Synlett 2013, 24, 2077-2080.
]



Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

Alkynes as metal carbenoid precursors

a) (177)-AuCl (2 mol%) o Ph
o NaB(3,5-(CF3),CeH3)s (3 mol%)
Ph—== + pns” >="ph 178 (1.3 eq) PhW
176 157 1,2-DCE, 60 °C, 10 h SPh
(1.5 GQ) 179
P(Ad), | X 84%
7:33d
SOOI
S |
177 17809
b)
Ph)J\
179 Au = 176
184 )/ &
[Au] [AEU]
Ph O Ph 130 o Ph
| O 178
s &9 ~=—157
Ph ) Ph
157 [Au]j\ 181
|
\ P 0 jph
®
P>
182

Chem. Commun. 2014, 50, 4130-4133




Metal-catalyzed onium Ylide formation and [2,3]- rearrangement

(a) Diastereoselective synthesis of dihydrofuran-3-imines from N-Tosyl 1,2,3-triazoles
(b) Application in natural product synthesis

a) TS\N’N B Ts< ]
A . O |
~_,N i) Rhy(OAc), __[Rh]
(1mol%) }
TBDPSO o PhMe, A /" o o
i\ Basi > TBDPSO =~
I\/ i) Basic alumina ont-64 TBDPSO I\/
100 78% — 101 -
>95:5 dr

b) Ts.

N"\\'\N i) Rho(OAC)4 o
C.H PhMe, A N0 \
5111 O

i) Basicalumina Bno H H
L~ 103 CO,H

102 67%
>95:5 dr (+)-petromyroxol 104

Org. Lett. 2014, 16, 1660-1663
e



[2,3]-Rearrgements of ammonium ylides from allylic quaternary salts

Palladium-catalyzed allylic amination to form [2,3]-rearrangement precursors

Pd,dbas-CHCI3 (1 mol%
o R 0CO,Et  2dbas CHCls (1 mol) o R
)K,N . \)\ P(2-furyl)s (4 mol%) -
R “R2 X NR3 Cs,CO;(3eq) R
243 (1.5 eq) 244 MeCN, rt r1"N~R2
245
17 examples
up to 97%
up to 92:8 dr
€)
ROC Eto R! RO,C R!

Base

WQ
OCOZEt Pd°L,, — \N\J/
/®
241
Pd”L o R
" ROQC
239

238 N N

J . Am. Chem. Soc. 2011, 133, 12956-12959
]



[2,3]-Rearrgements of ammonium ylides from allylic quaternary salts

Organocatalytic stereoselective [2,3]-rearrangement of allylic ammonium salts

a) oY
0
e o (\J\

257 R)-BTM 260 (20 mol%) O Ar
PNP = 4- NOZCGH4 _MeCN _ pro)S HOBt (20 mol% ;
\)/ o) N NUC)I\-/\/
4 Ar rt R1/ i-ProNH (1.4 eq) N
I|? | 2 MeCN, -20 °C 17 N2
! R K R R
R2” 259 ii) Nuc-H (excess) 261
258 (1.05 eq) up to 89%
up to >95:5 dr
up to >99% ee
b) 261 259
O
NiGH N/Q & @ PNPO
phw@\ LB
= / ®
PNPOW N RPN\J/
: OH 5 2O
N 265 R® Br~ 262

" 264
J. Am. Chem. Soc. 2014, 136, 4476-4479




Catalytic [2,3]-witting rearrangements

Asymmetric base-mediated [2,3]-Wittig rearrangements using catalytic chiral ligands

a)
339 (20 mol%) gH
o NF n-BuLi(2.2eq) _ X
NEt, pentane, 95 °C NEt,
0 O
338 340
44%
48% ee
’ \I><(
t-B}/ )
121 (50 mol%) :
P /\/[) tBuLi (10eq) _Ph
hexane, —78 °C OH
TIPSO TIPSO
341 342
52%
>95:5 dr
98% ee

Tetrahedron 1999, 55, 6847-6862; Chirality 2000, 12, 505-509
]



Catalytic [2,3]-witting rearrangements

Stereoselective organocatalytic [2,3]-Wittig rearrangements

a) O

N

0 347 (2% 1%) g
mol*/o
Ph - .
)J\/O\/\/ MeOH, _5°C )J\I/I\/
346 OH
348
84%
87:13 dr
b) CF3

@VD
N
i \/\/Q/CFS 350 (20 mol%) i
mMol*/o
@) N - o~
Ph/\)j\/ MeOH, rt, 5d  Ph

OH
349
351

75% vyield
67:33 dr
60% ee

Angew. Chem., Int. Ed. 2006, 45, 2116-2119
]



Summary

[2,3]-Rearrangement of onium ylides generated catalytically
through reaction of a metal carbenoid remains the most
widely explored methodology in the area

Limited detailed mechanistic understanding of many of these
processes

An increasing number of alternative catalytic strategies available
using different methods of accessing reactive intermediates
capable of undergoing stereoselective [2,3]-rearrangements
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