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Disclaimers:

1. This review is not meant to be a comprehensive overview
of ring-expansion techniques in total synthesis. Instead, it
serves the purpose to quickly provide practitioners with
variations of ring-expansions to further facilitate different
retrosynthetic analyses.

2. Techniques covered in previous MOTW and CHEM 534
will not be discussed (ie. Baeyer-Villiger, Schreiber
fragmentation, etc.)

3. The outline for each technique is presented in the

following manner:

Introduction

Methodological Advancements

c. Applications in Synthesis

o o
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The

Classics in Ring-Expansion: Wagner-Meerwein S

LAH

Group

Wagner-Meerwein Rearrangement:

- One of the foundational reactions in organic synthesis identified in the 19th century.

- The reaction is formally defined as follows: the generation of a carbocation on a bicyclic system
followed by the 1,2-shift of an adjacent skeletal C-C bond to generate a new carbocation.

- If carbocation generation is followed by the migration of a methyl group, the classification

diverges to the Nametkin rearrangement.

Seminal Reports:

— Me Me
M
e Me Me Me
HCI
®
Me ® Ve I Me

(o]
bornyl chloride

— Me
Me
Me Me Me
HCI HCI
Me Me Me cl
@ (o]
Me

Me isobornyl chloride

a-pinene

camphene

The Wagner-Meerwein process enables the facile formation of quaternary carbon centers
as well as the construction of highly difficult carbocyclic frameworks. These advantages
have spurred significant interest in stereoselective variants of this process.

Trost (2001): Mechanistic and Stereochemical Rationale
Favored:

Disfavored:

Trost (2001): A Catalytic Asymmetric Wagner-Meerwein Shift

Hypothesis:
=
R
TM cat. | 0
R
A
O
Optimized Conditions: Ligand: Ph Ph
o Y o
Pd,(dba)s (1 mol%) R N.H \N
_Ligand (3 mol%) _ o) )
)J\ TMG toluene \lt( \ Ph,P
OCH, PPh,
Reaction dlscoverles.

R, yield (%), e.e. (%)
CHj3, quant, 92%
n-C4Hg, quant, 90%
CH,CH,Ph, quant, 92%

1. Toluene - optimal solvent.
2. Addition of organic base
such as TMG proved critical
in catalytic amounts.

3. Amount of TMG required Ph, 62%, 70%

is substrate dependent. CC(CH,),OTBDMS, 91%, 89%

Trost, B. J. Am. Chem. Soc. 2001, 123, 7162. https://doi.org/10.1021/ja010504¢

o  Me
H Me Clashing
interaction
Terada (2019): Organocatalytic Wagner-Meerwein
Hypothesis:
R O
HO chiral Bransted o R
HO
NS acid catalysis 5 R
LG LG--H-- A" ” or //

Reaction Optimization:

o R o_R
(R) - catalyst R 4
X /I(CCIg solvent (0.1 M) é/” or Ef)///

MS 4A

R=Ph R

catalyst, solvent, conditions, yield (%), isomeric ratio, e.e. (%)

A, toluene, rt, 48 hrs, 31%, 77 / 23, 4% o O Cat: XH

B, toluene, rt, 0.5 hrs, 89%, 96 / 4, 43% N % A:OH

B, toluene, -40 °C, 0.5 hrs, 90%, 94 / 6, 78% / 77% s\ B: NHSO,CF3

B, Et,0, -40 °C, 0.5 hrs, 93%, 44 / 56, 72% / 93%
B, EtOAc, -40 °C, 0.5 hrs, 87%, 32/ 68, 63% / 94%
B, DCM, -40 °C, 0.5 hrs, 91%, 99/ 1, 69%

C, CHCIj3, -60 °C, 3 hrs, 84%, 99/ 1, 96%

O XH C:NHSO,C4Fs

T

R = 2,4,6-PryCgH,

R, yield (%), isomeric ratio, e.e. (%) Mechanistic Insight:

4-MeCgH,, 85%, 99:1, 94% OH 0

4-MeOCgHy, 90%, 99:1, 83% (\:‘ standard

4-BuCgH,, 82%, 99:1, 95% R conditions: Ph

3-MeCgHy, 95%, 99:1, 95% Ph ’W D Sy-Sn

3-MeOCgHy, 88%, 99:1, 97% : u

2-naphthyl, 85%, 99:1, 95% 0 CCly

3-thienyl, 83%, 99:1, 79%

Bn, 70%, 96:4, rac NH
Terada, M. ACS Catal. 2019, 9, 6846.

85%, 95:5 E/Z
96% e.e.
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Classics in Ring Expansion: Wagner-Meerwein SLGé\or,!

Synthetic Applications:

(-)-daphnilongeranin B (Zhai):

Zhai, H. Angew. Chem. Int. Ed. 2018, 57, 947. https://doi.org/10.1002/anie.201709762

propindilactone G (Gui):

MsCl, Et;N
then
{BUOH/H,0
80%
Wagner-Meerwein ~ AcO
H,0 trapping

AcO

Gui, J. J. Am. Chem. Soc. 2020, 142, 5007. https://doi.org/10.1021/jacs.0c00363

arcutine-type C,, diterpenoid alkaloids (Li):
e}

O SnCl,

63%
Tandem
~ o N Prins 2
Wagner-Meerwein —O0

Li, A. J. Am. Chem. Soc. 2019, 141, 13718. https://doi.org/10.1021/jacs.9b05818

bufospirostenin A (Gui):

MsCl, EtzN
then
NaHCO;
THF/H,O
p 90%
H Wagner-Meerwein
H,0 trapping

TBSO

Gui, J. J. Am. Chem. Soc. 2021, 143, 19576. https://doi.org/10.1021/jacs.1c10067

talatisamine (Inoue):

DBU, DMSO
83%
Tandem
Wagner-Meerwein
Kornblum Oxidation

oMme

Inoue, M. Angew. Chem. Int. Ed. 2020, 59, 479. https://doi.org/10.1002/anie.201912737

cardiopetaline (Fukuyama):

1. TsOH, PivOH
80 °C
‘OH 2. KOH, MeOH
80 °C
84% over
2 steps
Wagner-Meerwein
PivOH trapping

Fukuyama, T. Org. Lett. 2017, 19, 5833. https://doi.org/10.1021/acs.orglett.7b02812

I(-)-daphnillonin B (Li, C.C):

o-DCB
180 °C
88%

Li, C.C. J. Am. Chem. Soc. 2023, 145, 10998. https://doi.org/10.1021/jacs.3c03755

arborescin (Takase):

MsO

AcOK, AcOH
—_—
reflux
72%
2:1
Wagner-Meerwein

Bz0™

Takase, K. J. Org. Chem. 1982, 47, 3909. https://doi.org/10.1021/jo00141a020
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The
Classics in Ring-Expansion: Pinacol/Semi-Pinacol Rearrangement 5"-6'9:,!',!

Pinacol Rearrangements:

- A specific variation of the Wagner-Meerwein rearrangement involving a 1,2-diol.

- Originally defined in the following manner: the acid-catalyzed transformation of 1,2-diols to ketones
or aldehydes by a 1,2-migration of a C-C or C-H bond toward the vicinal carbocation.

- In most cases, a pinacol rearrangement lacks regio- and diastereoselectivity. However, the semi-pinacol
rearrangement has been extended to include multiple leaving groups instead of the second hydroxyl unit.
- This description gives rise to a new definition: such processes share a common reactive species in
which an electrophilic carbon center, including but not limited to carbocations, is vicinal to an
oxygen-containing carbon and can drive the 1,2-migration of a C-C or C-H bond to terminate the
process, generating a carbonyl group.

Pinacol Rearrangement:

RM R

(e}
OH _HY|R'_:
HO >

R® R? RM

Semi-pinacol Rearrangement:

Type I: Type II: Et=
" Halonium ions
+ +
RO R ' RO RV RO RSe , H", LA,
s+ R2 _acid or base R, B (/ntermolecular=
1 —_— 3
RO F  x=omsomscl Ri™ F RN Ngpe EE
X R® Br,l, Ny, SR, SeR Rs RM oxocarbenium
R2 thiocarbenium
iminium
a-ketol rearrangement (intramolecular)
HO RM (0]
} R2 _acid or base R,
R X=0,0rNR Ry ‘
X RM

Tandem Carbonyl Addition/Alkoxide-Directed Cyclopropanation/Rearrangement (Walsh, 2009):

Method A: 0
i: TsSOH, then
1] BF3 OEt2

BPin 1. Cy,BH OZnMe 1. EtyZn, CH,ly
2. Me,Zn CF3CH,0OH ii: BF - R R
—_—— —_ <]
| | 3.RiCHO |R4 " R,| 2.NaBO; = Ry R, Method B: ! 2
_ THF/H,0 i: TSOH, A o
R Bpin OH ii: TSOH, rt ﬁ
2 L
R} Ro
Models: Cyclopropanation | Models: Ring-Expansion T TTTTTTTTTTTTTTTTTT
CF3H,CO, znX%,|*
Zn----1°

MezZnO
Bpin

: % t

: H.® Y H.® Y

! Ry o~ o~ o

: OH| Y=HorBF; | MO ﬁ

E R1/ H R1 \H R R,
. R2

1
Cis-isomer formation is rationalized by a concerted rearrangement whereas ring-expansion proceeds via an

antiperiplanar transition state. A possible isomerization of cis to trans may be involved for the observed outcomes.

Catalytic Enantioselective Pinacol Rearrangements (Zhu, 201 9) R
Hypothesis: Chiral
HO OH Phosphoric =0 R o
R Acid 3 \ &) O\ r
A CPA A A 7\
r r
o}
o NHTf
CPA Enantioselective
quaternary center R
formation R= 2,4,6-’Pr306H2
Scope:
HO OH

R Catalyst (10 mol%)
3A MS, toluene

R group, yield (%), e.e. (%) 99%, 94% 82%, 83%

H, 99%, 90%
Me, 98%, 94%
Ph, 75%, 91%
F, 97%, 92%
OMe, 81%, 87%

Proposed Mechanism:
HO OH CPA /H
R O H N 0 =—=
N \\ ’
Ar P *) ,,)
JHO N -H. / N
Ar (@] 0 (@) -
R
-H,0
=2

®
QOR
Walsh, P. J. Am. Chem. Soc. 2009, 131, 6516. https://doi.org/10.1021/ja900147s
Zhu, J. J. Am. Chem. Soc. 2019, 141, 11372. https://doi.org/10.1021/jacs.9b04551

(+)-Mesembrane

1/23/24

Roberto Serrano 4


https://doi.org/10.1021/ja900147s
https://doi.org/10.1021/jacs.9b04551

The
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Synthetic Applications:
Isoedunol (Corey):
Me

HO

toluene
DCM
Me 90%

Corey, E. J. J. Am. Chem. Soc. 2005, 127, 13813. https://doi.org/10.1021/ja055137+

Zizaene and Isokhusimone (Mukherjee):

OH
MsO Me

e
‘BuOK, ‘BuOH
88%

Me

THPO

THPO

Mé

norzizanone

4-deoxyverrucarol (Nemoto and Fukumoto):

SOCl,
Imidazole
then
Florisil
74%
73% e.e.

Ihara, M. J. Org. Chem. 2000, 65, 504. https://doi.org/10.1021/j0991430e

Mukherjee, D. Tetrahedron. 2002, 58, 1773. https://doi.org/10.1016/S0040-4020(02)00063-7
TsCl, DMAP

Furoscrobiculin B (Kanematsuy):
o
: H
: = py’ridine Me
Me . 64% Me =
~ \ o)

OH
Kanematsu, K. J. Chem. Soc.; Perkin Trans. 1997, 1707. https://doi.org/10.1039/A607164C

Longifolene (Corey):
/ \ Me / \
Me O Me OTs 0 "°
LiClO4/CaCO3 i o
Me THF, 50 °C O\
O 48% o-H
OTs 0\( Me

Corey, E. J. J. Am. Chem. Soc. 1964, 86, 478. https://doi.org/10.1021/ja01057a039

(+)-Taxusin (Paquette):

Me

Et,AICI
DCM/Hexane
-78to-15°C

96%

Paquette, L. J. Am. Chem. Soc. 1998, 7120, 5203. https://doi.org/10.1021/ja9805371

Confertin (Heathcock):
(0]
H
LIOH e} e}
t-BuOH, 65 °C +
87%
4:1 mixture o o
of epimers Ho Me

Heathcock, C. J. Am. Chem. Soc. 1982, 104, 1907. https://doi.org/10.1021/ja00371a020

Ingenol (Baran):

BF3-OEt,
then
Et;N/MeOH
80%

24 e

Baran, P.S. Science. 2013, 341, 878. https://doi.org/10.1126/science.1241606
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Classics in Ring Expansion: Dowd-Beckwith

The
S LAH

Group
- H . - H H Further Developments:
DOWd BeC-kWIth.l n Carbon Rlng Expanslpns . The Aza-Dowd-Beckwith Variant and access to enones:
- The Dowd-Beckwith is a radical reaction which incorporates the side-chain into a nearby ring. 0 ,
- Separately, the overall process can be divided into two phases. i
1st Phase: An initially formed alkyl radical adds into a nearby ketone to form an alkoxy radical. BusSnH . NH , BugSnH O
2nd Phase: -scission of the alkoxy radical results in a ring-expanded product and alkyl radical AIBN S i AIBN
which further undergoes termination. PhH > ‘\\ : PhH > R
- Usually, the EWG plays two critical roles. 1.) It activates the ketone for attack by the formed carbon reflux - )m ! reflux
radical and 2.) alters the equilibrium to favor ring-expansion. n=012:m=123 n H 12 examples
Dowd-Beckwith G | Mechanism: LR H .
owarEectwith General Wlechanism . R = H, Me, CO,Et R 21 -89% yield
0 O) ~ o i
X Initiator ° S0 Selected Scope: o ! o
R3MH EWG O K O y i
EWG ——> EWG ——> EWG ——> N N ! o
' \Iv\:/\)\
\Importance of EWG group: ' : AN Me
0 o O Me H :
: : CO,Et : Me
; ‘ ; M 96% 91% 92% : 85% 89%
E — : - Additional Developments: —
! ' EWG EWG Reactions with Alkynes (Nishida, 1990): — R4 o
b el fo) H a5
h R,
Seminal Reports: . &O Bu3SnH ; o Ph3SnH
o) (e} ! o) (0] AIBN ' X AIBN
BugSnH : BugSnH X PhH ! R PhMe
AIBN 5 X _ABN R \\ reflux x reflux — R,
CO,R PhH ' CO,R PhH R H R "R
reflux : reflux R =CH,, NTs i 2
)n ~ SCOR ! )n ~ SCoR 2 '
n=0,1,2 v n=1234 Selected Scope: !
R = Me, Et ! X=1,SePh : o o
______________________________________________ PPN ) O H
Selected Scope: H
0 (¢} o H
0O CO,Me !
' — Me
! OSiEt; ‘.
CO,Et OSiEt, E TESO TESO Me
COMe COEt CO,Et ;
75% 73% 71% 73% Mechanism (Aza-Dowd-Beckwith): "Mechanism (Alkynes, Nashida): o
i R EEEEEEEEEEEEED : PDT
Expansion: PDT BusSn ' BuzSn e
H o X
. Note: O licated syst : 2nd
K BuzSnH Note: On more complicated systems R,SnH R N h DB R
intramolecular hydrogen atom transfer M o}
X AIBN " ! ' /
- PhH > (HAT) starts to interfere with the Dowd o O Bu:Sn o | . o /
’ ¢} Beckwith process. 3 ' SnBus
H reflux | N ¢
° N — SnBus N_ 2
Me N X N
........................................................................................... Me : OTEe R
\ )\ N : ‘\ ) Bu3Sn
. 2 '
o SnBus ' o SnBus SnBus
Ol CHT (5
.N :
~—— ~ ' ~——
Me Me SnBus | 1eso TESO .
80%
Roberto Serrano 6
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Classics in Ring Expansion: Dowd-Beckwith

The
s[AgLAH
Group

Synthetic Applications:

Sarcodonin G (Pier):

Me
: |

Me " CO,Et

Sml, “CO,Et
THF
H,0
90%

Me

OPMB OPMB

Me Me

Piers, E. Org. Lett. 2000, 2, 1407. https://doi.org/10.1021/0l0057333

OPMB

Me

CO,Et

(-)-ritgeranic acid A (Ding):

SmI2
t-BuOH, H,0
70%
gram-scale

~
~0

OH

ipr H H

Ding, H. J. Am. Chem. Soc. 2023, 145, 11927. https://doi.org/10.1021/jacs.3c03178

Rhodomollein XXII (Ding):
(¢}

CpTiCly, Mn

OTi

Me: Me R
Me Me

Ding, H. Angew. Chem. Int. Ed. 2019, 58, 8556. https://doi.org/10.1002/anie.201903349

BuzSnH
AIBN

PhCH3
reflux
86%

Me

Manicol (Banwell):
m‘/ " m

CO,Et

Banwell, M. Tetrahedron. Lett. 1996, 37, 525. https://doi.org/10.1016/0040-4039(95)02178-7

Swinhoeisterol A (Heretsch):

PhH, reflux
48%

Heretsch, P. J. Am. Chem. Soc. 2020, 142, 104. https://doi.org/10.1021/jacs.9b12899

Lubiminol (Crimmins):

L3
(@) [0}

OH

CO,CH;,

Me

Me OH

HO Me

Crimmins, M. J. Am. Chem. Soc. 1998, 120, 1747. https://doi.org/10.1021/ja973824y

Crinipellins (Ding):
iPr

o Co(Salen) (5 mol%)
PhSiH3 (2.5 mol%)
TBHP (1.5 eq.)
HFIP
95%
gram-scale

HO
Ding, H. J. Am. Chem. Soc. 2022, 144, 2495. httes://doi.orgﬁ0.1021/iacs.1c1 3370

HO

Salvileucalin C (Ding):

Me

0 BusSnH
AIBN

PhH, reflux| ©

80%

OMe OMe

COZMe COzMe

Ding, H. Org. Lett. 2014, 16, 3376. httes://doi.org”0.1021/0I501423t
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https://doi.org/10.1021/jacs.1c13370
https://doi.org/10.1021/ol0057333
https://doi.org/10.1002/anie.201903349
https://doi.org/10.1021/jacs.9b12899
https://doi.org/10.1021/ol501423t
https://doi.org/10.1021/jacs.3c03178
https://doi.org/10.1016/0040-4039(95)02178-7
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Classics in Ring Expansion: Cyclopropanation/Fragmentation ELGeég-g

- A classic approach to a single carbon ring-expansion consists of the process of cyclopropanation
followed by fragmentation to produced a (n + 1) carbocycle.

- The versatility of this method ranges due to the multiple reaction circumstances which may be
designed due to the incorporation of nearby donor or acceptors.

- Fragmentation occurs in accordance with the appropriate orbital alignment of the cyclopropane
(situational dependence). Multiple methods may be used such as ionic or radical pathways.
Cyclopropanation/Fragmentation: Dihalocarbenes

X
OSiR3 OSiR; X R3SiO X
Base Base
ij R3SiCl © CHX3 ,\k
—_— X —_—

R3Si -0 lonization
reagent
(Ag salts)

RaSIO )\ X
@ RS @ AKX

Seminal Reports: Preliminary Scope (Conia):

(0]

OSiRs H O o] Note: This method is very
Eg%@ Br E Me general and does not have
_RUBU i many reports specifically
pentane ; outlining it as a methodology.
)n reflux : Me  Hence, synthetic examples
n=0,1 n+l ! will be shown in the following.
: 40% 49%
Nucleophilic Ring-Opening Annulation (Qin):
TsHN
OMe CuOTf
o 74 (5 mol%)
DCM
goc 52%
MeO,C single enol
N, isomer

Qin, Y. J. Am. Chem. Soc. 2009, 131, 6013. https://doi.org/10.1021/ja901219v

Synthetic Applications:
Batrachotoxin (Du Bois):

: (o)
Me Me OSiEts Me
TESOTf KOBu
EtsN CHBr.
o DCM o hexanes o
C = C =
(0] o O H

Du Bois, J. Science. 2016, 354, 865. https://doi.org/10.1126/science.aag2981

Coristatin A (Baran):

OTMS

Sml, (o]
TBCHD j
63% o

o
OHCN \fo
H

https://doi.org/10.1021/ja8023466

0
OHCN \fo
H

Baran, P.S. J. Am. Chem. Soc. 2008, 130, 7241.

Schindilactone A (Yang):

O oTES O otes ,O
OTBS KOBu : :
CHBr. AgClO,
hexanes acetone
82%

over 2 steps Me i H

Yang, Z. Angew. Chem. Int. Ed. 2011, 50, 7373. https://doi.org/10.1002/anie.201103088

(-)-sordarin (Narasaka):

OTMS
AgNO;3
AN 1. EtZZn CH2|2 NH4)28208
. 2 K,CO3, MeOH yr|d|ne
82% 1,4-CHD
over 2 steps 85%
oTBS ’ P OTBS

Narasaka, K. J. Am. Chem. Soc. 2006, 128, 6931. https://doi.org/10.1021/ja060408h

(+)-Lyconadin A (Fukuyama):

Me, H e 1. TFA
CHBr;, NaOH 2. pyridine
Me. M
BnEtNCI © ® T 96%
65% over 2 steps
N
Boc Me*

N
Boc

Fukuyama, T. J. Am. Chem. Soc. 2011, 133, 418. https://doi.org/10.1021/ja109516f
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Classics in Ring Expansion: Cyclopropanation/Fragmentation ELGeég-g

Synthetic Appllcatlons
(+)-Crotogoudin (Carreira): _ Cyclocitrinol (Schmalz):
OTBS Sml, Me . OTBS OTBS
D-Il-\jl-iF":U o Sml,, THF
0%, _ < thinsgzo
771 | Me(//) “osm' °
d.r. |MeOy
_PivO | ﬁSmO ]
Carreira, E. Angew. Chem. Int. Ed. 2013, 52, 11168. https://doi.org/10.1002/anie.201305822 Schmalz, H-G. Synlett. 2007, 1881. 10.1055/s-2007-984521
Pre-schisanartanin C (Yang, Z): GB Alkaloids (Shenvi): 0
O H OTMS  4CzIPN 78
OTES 2. FeCls 1. TMSOTT, EtzN NiBr,, bpy Me _
o then TEA 8% _ ArBr N
a 76% 2 EtoZn, TFA 2 6-lutidine
; CHal,, DCM DMSO, Blue LED
Me MeH 78% 57%
OMe
Yang, Z. J. Am. Chem. Soc. 2020, 142, 573. https://doi.org/10.1021/jacs.9b11872 Shenvi, R. Science. 2022, 375, 1270. https://doi.org/10.1126/science.abn8343
(-)-TAN-2483B (Harvey): (+)-Talassimidine (Zhang, Y):
OMe o
(0]
7( CHBr3, K,CO3 1. HBF4, H,O
o 18-C-6, TBAI _DIBALH_ 2. Ac,0
NaOAc Jores 5% 3. Pd(OH),, Hy OAc
MBnO 48% ) ) . Pd(OH),, H -
L A A Al Boc,O 7/ ey
' 44% over '
NBn  OTIPS 3stens NBoc OTIPS
Me Me
Harvey, J. Org. Lett. 2020, 22, 9427 . https://doi.org/10.1021/acs.orglett.0c03303 Zhang, Y. J. Am. Chem. Soc. 2021, 143, 7088. https://doi.org/10.1021/jacs.1c01865
(-)-Colchicine (Yang, Y-R): (+)-pepluanol A (Gaich):
MeO MeO Me,
Me., KHMDS Me., CHBr3, KOBu
MeO MeO MeO N Me TBSOTf N Me hexane o Me
Me;S(0)l, NaH DTFA Me  THF, -78°C Me then Ag,0, HBF, Me
DMSO 53% over 0 90% TBSO EtOH, 0°C to rt.
MeO used as is 4 steos MeO 57%
“NHAC “NHAC “NHAC
MeO
MeO
(0] MeO (0]
Yang, Y. Org. Lett. 2021, 23, 2731. https://doi.org/10.1021/acs.orglett.1c00638 Gaich, T. J. Am. Chem. Soc. 2021, 143, 11934. https://doi.org/10.1021/jacs.1c05257
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https://doi.org/10.1021/jacs.1c05257
https://doi.org/10.1126/science.abn8343
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- The Beckmann rearrangement of cyclic ketones, discovered in 1886, is the ring-expansion
of cyclic ketones using activated oximes or their activated ester counterparts.

- Through several decades of mechanistic interrogation, the mechanism is believed to proceed
through the ejection of the leaving group with migration of the substituent situated anti to the N-O
bond. The maximization of antiperiplanar electron delocalization of the C-C bond o orbital to the
antibonding ¢ orbital of the N-O bond is responsible for the observed selectivity.

H
The Beckmann Rearrangement: Genera|!| Mechanism \
A6
JOH E* 1 —~F " H
N”**~" Electrophilic ®o N :\@ @ =
)'\ Activation “E -HOE RI R R/ R
I — >Ry 2 > Ry 2
R™ R ()\ ' : . ~
\ .~ ' H
H N ®!
(6] (e} + (0]
R7 T == R Y <R Ty
"\ Ro : R2 ! R,

- An alternative to the Beckmann rearrangement is its’ photochemical counterpart, which was discovered

by Mayo and delivers the opposite constitutional isomer in comparison to the traditional conditions.

- The reaction proceeds under stereoelectronic control, which triggers migration of the group anti to the lone
pair of the oxaziridine towards nitrogen.

The Photo-Beckmann Rearrangement: General Mechanism

HO HN _
ke
)\ )\ R|1 R,

N S AN S ~a-v Ry
.- ~_- .

hv

R2

- In general, advances in the Beckmann rearrangement has been met by discovery of mutliple activating

reagents ranging from tosyl chloride, thionyl chloride, phosphorous chlorides/oxides, Bronsted acids, and
Lewis acids.

Synthetic Applications:
Vitamin B4, (Eschenmoser, Woodward):

MsO

NS

Me
< Polystyrene

sulfonic acid
MeOH, 170 °C
o Tandem
Beckmann-Claisen
o) Transesterification

MSOQC

Eschenmoser, A.; Woodward, R. Pure. Appl. Chem. 1973, 33, 145.
http://dx.doi.org/10.1351/pac197333010145

Synthetic Applications:
Halichlorine (Arimoto):

OPMP 0 OPMP
NH
_MSH,DCM _
then SiO, —_—
85% Me H

Arimoto, H. Chem. Asian. J. 2014, 9, 367. https://doi.org/10.1002/asia.201301248

Mersicarpine (Li and Liang):

OTBS N-

Sael

p-TsCl, DMAP
NEts, DCM

(-)-Gephyrotoxin 287C (Kishi):

H,NOSOsH Oy NH
_HCOH
2% >/

(+)-Sparteine (Aubé):

o
hv (254 nm)
N benzene
~® 76%

H N

|

(0]

o

Aubé, J. Org. Lett. 2002, 4, 2577

Galanthamine (Xu):

TsCl, then

THF/H,0
65%

MeO MeO

Xu, T. Org. Lett. 2020, 22, 1244

1/23/24

Roberto Serrano

OTBS

67% over

HN
2 steps F

Liang, G. Chem. Org. Lett. 2014, 16, 1653. https://doi.org/10.1021/01500308e

Kishi, Y. J. Am. Chem. Soc. 1980, 102, 7154. https://doi.org/10.1021/ja00543a067

-t

. https://doi.org/10.1021/01026230v

NMe

. https://doi.org/10.1021/acs.orglett.9b04 337
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http://dx.doi.org/10.1351/pac197333010145
https://doi.org/10.1002/asia.201301248
https://doi.org/10.1021/ol500308e
https://doi.org/10.1021/ja00543a067
https://doi.org/10.1021/ol026230v
https://doi.org/10.1021/acs.orglett.9b04337

Classics in Ring Expansion: Grob Fragmentation

- One of the classical methods of generating medium to large rings is through the implementation
of the Grob fragmentation.

- The Grob fragmentation is defined as the following: a heterolytic fragmentation in a molecule
where a certain carbon-heteroatom (N, O, S, P, Si, B, or halogen) combination is cleaved under
specific mechanistic principles.

- Typically, the fragmentation substrates exhibit a 1,3-diheterofunctionalization, where one is a
nucleophilic atom with a negative charge or lone pair, while the other is a leaving group.

The Grob Fragmentation: General Mechanism

Note. [ Appropriate Fragmentation Arrangements:
OH
also undergoes fragmentation @)
due to the all-anti-periplanar
relation. Y @) Y Y
TsO &

The generality of this method can be extended to many systems and is exemplified by the examples below:
Synthetic Applications:

Taxol (Guir):

~OH 4 LiaH,, DME
Me 2. Ac,0

60%

TBSO Me

HO
o) OAc B20

Guir, F. Tetrahedron Letters. 1997, 38, 3223. https://doi.org/10.1016/S0040-4039(97)00583-2

Aquariane (Burnell):

KOtBu, 18-C-6
45%

H “oH
Burnell, D. Org. Lett. 2006, 8, 3195. https://doi.org/10.1021/010609715

Jatrophatrione (Paquette):

~Me 4 mscl, DIPEA
‘Me _2.KOtBu, tBuOH
98%

Paquette, L. J. Am. Chem. Soc. 2002, 124, 6542. https://doi.org/10.1021/ja020292z

H
Caryophyllene (Corey): 1. TsCl Me
NaBH,4 M 2. NaH, DMSO
e S Loy
W OH
H
1 o
H H
1. TsCl
Hy, Ra-Ni .@ Me _2.NaH,DMSO Ve
OH
H
) :
. O
Pentalenene (Pattenden):
H
HF, H,O Me.,
.« OTBS 2 P
73%

Me

H
. Mem_Me
——
Me Sl

Pattenden, G. Tetrahedron Letters. 1984, 25, 3021 htips://doi.org/10.1016/S0040-4039(01)81354-X

Me

Eleutherobin (Winkler):
Me

H  oHi,OH

O
Me O,
® _
. https://doi.org/10.1021/0l10345226

Me

Winkler, J. Org. Lett. 2003, 5, 1805

BulLi, TfZO
38%

Periplanone B (De Clercq):

OH
De Clercq, P. J. Tetrahedron Letters. 1984, 29, 6501. f1_tt£)s://doi.ora/10.1016/80040-4039(00)82384—9

Parvifoline (Joseph-Nathan):
HO

Joseph-Nathan, P. Tetrahedron. 1995, 51, 9285. mtles.//dOI.orgIM0.1016/0040 4020(95)00517-C

Me
HO MeO HO /
Me NaOMe
MeOH reflux O. -
B 80% Me
Me OMs

1/23/24

Roberto Serrano

11


https://doi.org/10.1016/S0040-4039(01)81354-X
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https://doi.org/10.1016/S0040-4039(97)00583-2
https://doi.org/10.1021/ol0609715
https://doi.org/10.1021/ja020292z
https://doi.org/10.1021/ol0345226
https://doi.org/10.1016/0040-4020(95)00517-C

Group

Classics in Ring Expansion: Sigmatropic Rearrangements sias.aH

- An alternative pathway for ring expansion to medium and macrocyclic rings is through the sigmatropic Organocatalytic DVCP Rearrangement Selected Scope (Christmann):
rearrangements of cyclic systems.

- Namely, the Cope and divinylcyclopropane (DVCP) rearrangements are frequently employed. O~ O~ O~ O~

- The traditional Cope rearrangement proceeds through either a chair or boat transition state, with the chair CF

being favored by 11 kcal/mol. 8

-In contrast, the DVCP rearrangement proceeds through only through the boat transition state, with both Ph O O EtO,C
vinyl substituents in the endo-orientation.

General Mechanism: 'DVCP: H CF3

Cope: Hg H”\ 96%, > 20:1 64%, > 20:1 75%, > 20:1 76%, > 20:1
_ _ i e H
S ¥ E 0 0~ O~ O~
] Y H oh
" favored : exo/exo exo/endo A / AN N
H ﬂ —N
= =
ro 14 ' U\ 66%, > 20:1 decomposition 41%, > 20:1 29%, > 20:1
'\-)’ : A H H Organocatalytic Enantioselective Vinylcyclopropane-Cyclopentene (VCP-CP) Rearrangement (Vicario):
| >~ | E =y | OHC OHC N
disfavored : ! EWG il \ \ r
: endo/endo (20 mol%) 3 DBU - N Ar
DCM DCM R, H  or
| o 0°Cto RT - Ar =
DVCP trans-cis isomerization: n/ c I_"' :_’-\r Ph,
H —— o R= SIthMe
1 M — _Rotation_ _/.\/.\— Selected Scope:
= H H H “~~CHO “~~CHO “=CHO -~ CHO “™~CHO

y _ X
Recombination l / \ Ph
Allyl
= H
| I [ H., +/<f— :>v<:_ 0
8\/8‘3 -~ 88%, 88% e.e. 56%, 90% e.e. 60%, 90% e.e. 85%, 82% e.e. 87%, 92% e.e.
0= H H H

Simplified Mechanism:

Methodological Developments: Ring
Organocatalytic DVCP Rearrangement (Christmann): via: {:\/ R Open ing C/\/ Clo sure @\/
—N
O~ H Organocatalyst O D Q —T—
A __(omol%) X7 R2N
. DCM 43 hrs.
Ph H temperature Further Mechanistic Fmdmgs:
R R COPh
catalyst, temperature, yield, cis:trans A/\ A)
pyrrolidine, 20 °C, 31%, 3:1 N F COPh N Z
ArfF piperidine, 20 °C, 38%, 3:1
AF >< morpholine, 20 °C, 7%, 2:1 S ph “«
H H Bn (-)-2a, 20 °C, 96%, > 20:1 A
OTMS OSIthMe (-)-2a, 40 °C, 72%, > 20:1 COPh

. 0 R
(-)-2a (-)2b (-)2¢ (-)-2b, 20 °C, 60%, > 20:1 e
F=35- (-)-2¢, 20 °C, 2%, > 20:1 P
AT =35 (CFa)Cel with 10% AcOH and (-)-2a: COPh \ N

83%, 4 hours, > 20:1

Christmann, M. Angew. Chem. Int. Ed. 2019, 58, 5075. httes://doi.orgﬁ0.1002/anie.201813880
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Synthetic Applications:

Scopadulcic Acid B (Overman):

- Me
TMSO

\ Y/ benzene
reflux
then
PPTS

OTBS ' EioHH,0
99% over
2 steps

HO,C Me OBy

Overman, L. J. Am. Chem. Soc. 1993, 115, 2042. https://doi.org/10.1021/ja00058a064

Schisanwilsonene A (Echavarren):

OAc
%N OAc

PhsPCH3Br
n-BuLi

Me Me -20°Ctort

83% over
OAc ) steps

Me Me
Me' oAc

Echavarren, A. Angew. Chem. Int. Ed. 2013, 52, 6396. https://doi.org/10.1002/anie.201302411

Tremulenolide A (Davies):

OAc
OAc
M602C
AcO
Y Kugelrohr
ha(OOct)4 d|st|I|at|on
+ N, “hexane Co,Me ™ 140°C

reflux 49% over A
Me 2Me

Davies, H. J. Org. Chem. 1998, 63, 657. https://doi.org/10.1021/j0971577a

Gelsemine (Fukuyama):
toluene/MeCN
S L )
90 °C 45 min.
98%

MeO,C

Fukuyama, T. J. Am. Chem. Soc. 1996, 118, 7426. https://doi.org/10.1021/ja961701s

Frondosin B (Davies):

Isostemofoline (Kende):

CO,Me / OMOM
N, Rh,(R-DOSP),  Me0C MeO,C \ l BocN MeO,C
vane plperyiene R 2ol N Boc nBu _Rhy(R-PTAD), NBoc
° + entane, reflux 4 ;
O  .78t080°C Me  97%e.e. d Me " p ) OMOM n-Bu
> 94% d.e. oTBS TBSO .
MeOQC
CO,Me OMOM
_ . oTBS
Davies, H. Org. Lett. 2008, 10, 573. https://doi.org/10.1021/01702844¢9 Kende, A. J. Am. Chem. Soc. 1999, 121, 7431. https://doi.org/10.1021/ja991528a
Barekol (Davies and Sarpong): Gelsemoxonine (Fukuyama):
CO,Me o
/ OTBS OPiv H
Me
Me __Rhy(R-PTAD), | LIHMDS toluene
hexanes, reflux MeO,C ™ Me N O _TMSCI 70 °C NOMe
65%, 6:1d H THF o then
N, 0 -78°C NOMe 1gAF/AcOH
Q PivO OTMS 89% over
Ve Me CO,Me MeON 2 steps
PivO

OTBS

Davies, H. J. Am. Chem. Soc. 2010, 132, 12422. httes://doi.orgﬂ0.1021/ia103916t

Fukuyama, T. J. Am. Chem. Soc. 2011, 133, 17634. httgs://doi.org/10.1021/'32086170
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