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OVERVIEW

Main Concepts

One Atom Insertion
= Carbon Insertion Reactions
= Nifrogen Insertion Reactions

= Oxygen Insertion Reactions

Three-membered Ring as Building Element

Four-membered Rings in Ring Enlargements

BUchner Reaction



RING EXPANSION REACTIONS

Main Concepts

Group X Homo- or Heterolysis Pericyclic reactions

+ X either possesses a charge « Promoted by functional * Electrocyclic and
(full or latent) or has carbene groups adorning the ring sigmatropic reactions
character « Strained ring must not be *  Woodward-Hoffmann
* Regioselective outcome is present in the starting rules
predictable through material but it is a pivotal
migration rules infermediate

E. J. Kantorowski; M. J. Kurth Tetrahedron 2000, 56, 4317-4353. 3



ONE ATOM INSERTION REACTIONS

1. Pinacol Rearrangement 4. Side-Chain Incorporation
HO x-x_ Hoé’ » 0 o Vo oé
( f ) —_— »@ X =OH \@ —
2. Tiffeneau-Demjanow Rearrangement 5. Dienone Phenol Rearrangement
o OH OH
0 HO ,—X HO ,* o +H” “H'
Il X ' — —
@ _> _> _> @ X = N2+
3. Wagner-Meerwein-Rearrangement 6. Wittig-Prevost Reaction

R X -X" R R +X- R X | NC o
v Ny S as' d
R =

M. Hesse ,,Ring Enlargement in Organic Chemistry” 1991, VCH 4



PINACOL REARRANGEMENT

FACTS

HO X HO ,* o
« First reported in 1860 by R. Fittig 6 -X é u @
H o _o » ﬁ
* Acid-catalyzed rearrangement of vicinal

diols to aldehydes/ketones

» Incorporation of a group X that will serve as a latent carbocation adjacent to a
preexisting ring

* Any cyclic or acyclic vicinal diol can be applied

* Ring expansion rearrangements are strongly influenced by the ring-size

» Migration Rule: the substituent that is able to stabilize a positive charge tends
to migrate preferentially

Mechanism:

H

+ ] =

HO OH H*_ HO O~y HO_ . H-O = H-0 3 W o s
—— — > — > = r S > >—< —>>—<

L. KUrti, B. Czako ,Strategic Applications of Named Reactions in Organic Synthesis* 2005, Elsevier 5



PINACOL REACTION

Application in Total Synthesis - (+) Grindelic Acid by Leo A. Paguette (1995)

) o 4.NaCIO, 5
1. Py*HBr3 OH 3. Pb(OAc),, = NaH,PO, t-BuOH, = 6. N_aN(TMS)Z; THF 5 o

HOAc MeOH, PhH 5 OMe 2-Me-2-butene g - 7. LiCl, DMSO, 120 °C =

—_— e — >

2. NaOH,

H:O, DME I 5. H,S0, MeOH OMe

2 o o =
8. t-BuLi, ok : |
CeClj; 9. CSA, DCM, g
YA 6, THF > 20 °C, 10mi3
(o] -78°C -> 25°C o
8

1:10.4

« Pinacol rearrangement allows to set up the spirocyclic

carbon atom in a highly selective fashion ST A

H.-L. Wang, L. A. Paquette Tef. Lett. 1995, 36, 6005-6008. 6



VARIANTIONS OF THE PINACOL

REARRANGEMENT

Semipinacol Rearrangement:

« Term first coined by M. Tiffeneau
Use of 2-heterosubstituted alcohols
* Very mild conditions; almost exclusively utilized in complex molecule synthesis

O HO X HO ,* o)
I - v
O— O >0 >0

X =Cl, Br, I, SR, OTs, OMs

Tiffeneau-Demjanov Rearrangement

M. Hesse ,,Ring Enlargement in Organic Chemistry” 1991, VCH



TIFFENEAU DEMJANOV

REARRANGEMENT

Application in Total Synthesis — Echinopenes by G. Liang (2013)

«  Methodology was first reported by Seebach: o
m Cis-decalin system with
OK/OH 5/7-fused membered ring
H
OTMS 1. MeLi, THF, - 100°C OH 1. Ethylene glycol, PhH, TsOH, 74 % OH
4-Nitrobutanoyl chloride Q,N O NaHC0531, I/HF-HzO NO, 2. Raney-Ni, H2 (20 atm), EtOH, 45 °C NH,
-100 °C, 74 % - MMG o »mme then Oxalic acid, 72 % - mme
o ° W H ZJO H H
Me
13 14 15 16
NH, OH " . OH 1 o
NaNOz,HZO 2
35%
0o e ’ ;( i % LG > Me
o
/ [H H Sony H K/O
17 18 19

D. Seebach, T. Weller, R. E. Dawis, B. B. Laird, Helv. Chim. Acta 1981, 64, 716-735 8



TIFFENEAU DEMJANOV

REARRANGEMENT

Application in Total Synthesis — Echinopenes by G. Liang (2013)

(0)
1. LDA, THF, - 78 °C
then 4-Nitrobutana| N02 N02 3. Ethylene glycol, PhMe, NH, OH o
2. SO3*pyr, DMSO, Et3N W TsOH, 96 % - W
AR 4.5 % PdIC, H2, oo OMe
(o) OEt MeOH, 99 % H H
20

22 23

EtsN, CH,Cl, 80 %

6. PhsPCH, THF, 53 % CH, 9. KHMDS, PhNTf, 98%
5. Oxalic acid, THF, 7. HNMeOMe*HCl, o 10. Pd(OAc), PPh; CO
. 2 3. ’
then NaNO, H,0 m iPrMgCl, THF, -20°C MeOH. 79 %
> -

77‘7 MeMgCl, THF,-30°C, L OH Me :
8. MeMgCl, THf, - ; H 11. 0.1 M HCI, MeOH, 97 %
94 % over two steps

24 25 26

W. Xu, S. Wu, L. Zhou, G. Liang Org. Lett. 2013, 15, 1978-1981. 9
D. Seebach, T. Weller, R. E. Davis, B. B. Laird, Helv. Chim. Acta 1981, 64, 716-735



TIFFENEAU DEMJANOV

REARRANGEMENT

Application in Total Synthesis — Echinopenes by G. Liang (2013)

CH, i NHTs i
,[l 13. K,CO3 PhMe,
OMe 12- TsNHNH, MeOH o ?\ reflux 14 hv
5 —_—
O H

H o 66 %
OMe OMe
27 - 28 - 30

15. LiOH, 96 %

16. PPh3 CCI;CN
17. CH,N, 0 o
18. PhCOOAg, 41 % 19. TMSCHN,, 94 %
> >
HO MeO

Echinopine A Echinopine B

W. Xu, S. Wu, L. Zhou, G. Liang Org. Lett. 2013, 15, 1978-1981. 10



WITTIG PREVOST REACTION

« First reported in 1986, no application in total synthesis
« Treatment of the Wittig product under Prevost conditions resulted in
rng expansion

Mechanism:;

1. [o)
|| (
NC NC 1

3. Icewater . Y e
| 1 ( OMe
NaH DME “OMe
68% “OMe

43 44 45 / 46 \
4. TFA, CCI o
4 OMe
97%

56% 11%

M. Hesse ,,Ring Enlargement in Organic Chemistry* 1991, VCH

M. S. El-Hossini, K. J. McCullough, R. McKay, G. R. Proctor Tefrahedron Lett., 1986, 27, 3783. L



ONE ATOM INSERTION REACTIONS

Schmidt Reaction Beckmann Rearrangement
o N.OH
2 S R | H ,0
Me RN, Acid N N
N Me — —>
= N2

Boyer reaction: inframolecular Schmidt reaction

M. Hesse ,,Ring Enlargement in Organic Chemistry* 1991, VCH 12



SCHMIDT REACTION

FACTS

» First reported in 1923 by K. F. Schmidt
« Valuable method of inserting nitrogen adjacent to carbonyl groups

. N
Mechanism: it (.
N

N
+N N
o r!lH H
NaN,/ HO
HzSé4 - H20 I ) - N2 + N + HZO (o] N
— — — - 7 —

« Migration rule: the larger and the more electron donating substituent attached to the

carbonyl will prefentially migrate
Ring expansion reactions: migrating substituent is antiperiplanar to the azido group

o N¢N2 NZ\Nﬁ (o) fo)
S e \HJLRS or HJL

major minor

L. KUrti, B. Czako ,Strategic Applications of Named Reactions in Organic Synthesis* 2005, Elsevier 13



BOYER REACTION/INTRAMOLECULAR

SCHMIDT REACTION

In 1955: Boyer reported the first inframolecular reaction between enones
and azides that gave the Schmidt-product:

N

ll,

SUEE ses

Application in Total Synthesis — Stenine by J. Aube (2008)
o

Challenge: construction of the B ring
Intramolecular Schmidt reaction will set up ring D in
a Diels-Alder cyclization cascade

stenine

J. H. Boyer, J. Hamer J. Am. Chem. Soc. 1955, 77, 951.
J. Aube, G. L. Milligan J. Am. Chem. Soc. 1991, 113, 8965-8966.
J. Aube J. Am. Chem. Soc. 2008, 130, 6018-6024. 14



BOYER REACTION/INTRAMOLECULAR

SCHMIDT REACTION

Application in Total Synthesis — Stenine by J. Aube (2008)

1. NaH, TBSCI

_0 2. (COCI),, DMSO, NEt; HO OH
3. Ph;PCHCO,Et
™ OTBS —w— 2 U
4. DIBAL-H
5 5. (COCI),, DMSO, NEt; =
1. NaH, BnBr
m 2. CBr, PPh; BnO \/\
OH OH - 6. LHMDS
3.NaH N SO,
49 N/ N 50 )\ BnO N
4. mCPBA, NaHCO; A OTBS
92 %
53

J. Aube J. Am. Chem. Soc. 2008, 130, 6018-6024. 15



BOYER REACTION/INTRAMOLECULAR

SCHMIDT REACTION

Application in Total Synthesis — Stenine by J. Aube (2008)

BnO N BnO N

7. PPTS, EtOH

z 8. (COCI), DMSO, NEt; Z 11.Ba(OH),*8 H,0  BnO~ ™\

™ OTBS y L S o) Il N3 (o] =z
10. TPAP, NMO |:’ ~OMe —_—

65% overall OMe 85% x O XN N3
55
53

_ v 54 -
12. MeAICl,, H H H H
CH,ClI;, reflux - S OBn < Sz H - OBn
43% o 3 HO N Oj.,N
N3
+N/2 58
56 57

stenine

J. Aube J. Am. Chem. Soc. 2008, 130, 6018-6024. 16



BECKMANN REARRANGEMENT

« Conversion of oximes into amides in acidic medium
« Requires high temperature, large amounts of strong Bronstedt acids, non-catalytic
« Stereochemical outcome: R group anti to the leaving group on the nitrogen will migrate

Mechanism:

N

.OH H,
N
| H* ( 1,2-shift N~ +H,0 N
— — —

G
I

L. KUrti, B. Czako ,Strategic Applications of Named Reactions in Organic Synthesis* 2005, Elsevier 17



BECKMANN REARRANGEMENT

Application in Total Synthesis — llbogamine by J. D. White(2000)

2. pTsCl, Et;N, DMAP (cat.)

1. HONH*HCI, NaOAc DCM, 3h, reflux, rt, 74 %

OTIPS "~ \MeOH, 3h, reflu}x, OTIPS

81 % S
MeO
OMe 62
Beckmann N
rearrangement 0
H
—> = \
OTIPS N
H
(-)-lbogamine
- 63 - 64 65

J. D. White, Y. Choi Org. Lett. 2000, 2, 2373-2376. 18



ONE ATOM INSERTION REACTIONS

Baeyer-Viliger Reaction

o)
o)
o)
Ar)LO'O“H
- v

CH,CI,

Discovered in 1899 by A. Baeyer and V. Villiger
« Migration rule: tert. alkyl > sec. alkyl > aryl > prim. alkyl > methyl

——
L

M. Hesse ,,Ring Enlargement in Organic Chemistry* 1991, VCH 19

OH

o
éo Ar)LO'o\H 0.
_

(o]
10::



THE THREE-MEMBERED RING

Building elements for ring enlargements reactions due to their ring strain

ﬁ
>k O
1,2 migration 1,3 migration 1,5 migration

l

Vinylcyclopropane-cyclopentene rearrangement

R3
R4 R heatot:r hv R4
BN
metal complex R3
R2 >
5 - .
. R or Lewis acid n\ R2

X. Li, M. Zhang, D. Shu, P. Robichauy, S. Huang, W. Tang Angew. Chem. Int. Ed. 2011, 50, 10421. 20



VINYLCYCLOPROPANE-

CYCLOPENTENE REARRANGEMENT

Mechanism:

« Two major pathways for cyclic vinylcyclopropanes are possible

1) Cyclopentene formation via biradical intermediates:

_ 2 -
R' s R
4 B s | R
R . R activation R 4 3
oS 5 = R‘-’ — 4 R3
2 R2 C2-C3 bond 22 n R2
R5 cleavage RS R5 51
n n R
diradical transoid cisoid
intermediate biradical biradical

2) Cyclopentene formation via dipolar intfermediates:

4 R1 3
S 5 activation 4
2 R2 EE— —
EWG C2-C3 bond - R2
n cleavage d EWG R

L. KUrti, B. Czako ,Strategic Applications of Named Reactions in Organic Synthesis* 2005, Elsevier 21



VINYLCYCLOPROPANE-

CYCLOPENTENE REARRANGEMENT

Application in Total Synthesis — (-) Retigeranic Acid by T. Hudlicky (1988)
4 0 OMe

2. Piperidine, Et,0, 0 °C L \)\/
1i. 0, 3i. 0, Eto” X COEt
ii. Me,S,CH,Cl, o ii. Me,S, CH,Cl,, -78°C, o OEt 69 O OMe
> y >
- 7soC, 88 % = O 30 - 65 % N LDA, HMPA, \ \ COZEt

~N
: O THF, -78°C to 0°C, 60min

Z 7‘pr iPr ;'PI' 70
iPr 68
66 67
. Me Me 7. HCI, THF
5. Ph3PCH;3Br, nBulLi OMe 6. Phive, 302 G, COEt op 2 rt, 30min
8h,23% o . S
CO,Et
THF, 66 % (2 steps) : N 2 Selectivity: 75:25 > Fl OMe 2 I:I OMe
F Pr iPr
i 71 72 73

T. Hjudlicky, Tefrahedron Lett. 1988, 29, 3283. 22



VINYLCYCLOPROPANE-

CYCLOPENTENE REARRANGEMENT

Application in Total Synthesis — (-) Retigeranic Acid by T. Hudlicky (1988)
0 H
S \Me
Me CO.Et Me 9. TMSCHBrCO,ET, LDA 10. 69
<j\/:£ 2=% 8. Lil, DMF, reflux THF, -78°C, 70 %
>
J 65 % | LDA, THF, 100 to -78°C
s = o Rl (o) 50 %, Selectivity 50:50
ipr H pr H H
74 75 6
12. NaBH,, MeOH
13 NaH Me
11. PbCO; H ii. CS, «H
“H 585°C, 5550 % = iii. Mel, THF 5
\ «1Me > A -uMe
«iMe S 14. nBu3SnH, AIBN, PhMe paglF
pr H CO,Et 72 % (3 steps) pr H CO-H
15. KOH, MeOH, H,0
77 78 (-)- Retigeranic Acid
. 1988, 29, 3283. 23

T. Hjudlicky, Tetrahedron Lett



FOUR-MEMBERED RING

Ring expansion of four-membered rings or via four-membered ring intermediates

+ Cyclobutane derivatives: easily accessible by a number of reliable preparative methods
+ Selective cleavage of a cyclobutane bond is facile due to the inherent ring strain
* Ring expansion with four-membered ring systems:

= Wolff rearrangement
> ( = Photocyclic reactions

= |Lewis Acid-catalyzed
= Electrocyclic reactions
= Cationic rearrangements
= Acid-catalyzed
= Transition metal catalysis

M. Hesse ,,Ring Enlargement in Organic Chemistry* 1991, VCH. o4
J. C. Namyslo, D. E. Kaufmann Chem. Rev. 2003, 103, 1485-1537.



FOUR-MEMBERED RING

Examples in Total Synthesis

1. Wolff rearrangement
Synthesis of Hirsutene by A. E. Greene (1980)

) cl
1. \/ ol cl_ cl cl o
3.NaBH,
>@ . IozouN, o ACrClo 6.CHN,
5. 5
79 80 3 81 el \/ 82 83
cl

7. NaBH, i 9. HCIO4-HCO,H

8. Cr(CIO4)2 10. Ph3PCH2

%’ —>

84

Cl
A. E. Greene Tefrahedron Lett. 1980, 21, 3059. 25

Hirsutene



FOUR-MEMBERED RING

Examples in Total Synthesis

2. Photochemical reaction
Synthesis of Eldanolide by Butt and Winders (1980)

0

RN 0]
hv
—_—
z Me Y
OH HO \ 3\
85 86 87

(+) Eldanolide

S. Butt, J. A. Winders J. Chem. Soc., Perkin Trans. 1 1987, 903. 26



FOUR-MEMBERED RING

Examples in Total Synthesis

3. Lewis acid catalysis
Synthesis of Retigeranic Acid by E. J. Corey (1987)

; 5. vinylmagnesium bromide
i o 3. [Rh(norbornadiene) r
;" S B B DISPHOS-4]8F4, Hz, B, o
IM 03H KoH, n i in THF, rt - K380y 15 , 40mbar
1. Me 5 'OH (0] >
4. Jones Ox. :

89 90 91

9. LiAlH, Et,0, 0°C

PhsP o 10i. SePhNO,CN, PPh; COOH
\/Yo in THF, 1h, rt
ii. mCPBA, CH,Cl, SMe,
C 0OMe o COOMe 1" 007m H,SO, MeOH, NaOH
> -
98105°C, nemt 105°C, néat KHMDS, rt, 12h
120 h
92 93

E. J. Corey, M. C. Desai, T. A. Engler J. Am. Chem. Soc. 1987, 107, 4339-4341. 27



FOUR-MEMBERED RING

Examples in Total Synthesis

3. Lewis acid catalysis
Synthesis of Retigeranic Acid by E. J. Corey (1987)

COOH

12. Oxalyl chloride, PhH 2 15i. (MeS),C(Me)Li 8 steps Me H e
13. EtsN, PhH ii. CuOTF H
— —
iii. NalO, 0o —»\_J -iMe
iv. AlHg R
93 iPr H g6 COH
Mechanism:
(OH/‘ Cu* Me

SMe

iii. +iv.

E. J. Corey, M. C. Desai, T. A. Engler J. Am. Chem. Soc. 1987, 107, 4339-4341. 28



RETIGERANIC ACID

Infroduction of the tricyclic fused-ring system

Corey (1987) Hudlicky (1988)

+ Key step: Lewis acid mediated ring + Key step: Vinylcyclopropane cyclopentene
expansion reaction rearrangement

* racemic * enantioselective

« 22 steps * 14 steps

O 15i. (Mes),C(Me)Li

ii. CuOTf

%
iii. NalO4
iv. AlHg

11. PbCO;
585°C, 55%

“11Me

E. J. Corey, M. C. Desai, T. A. Engler J. Am. Chem. Soc. 1987, 107, 4339-4341.
T. Hjudlicky, Tetrahedron Lett. 1988, 29, 3283. 29



BUCHNER REACTION

» First reported by Buchner and Curtius in 1885

« Thermal or photochemical reaction of ethyl diazoacetate with benzene and its
homologs

« Convenient entry to seven-membered carbocycles both inter- and inframolecularly

 The amount of side products was significantly reduced by the use of tfransition metals

catalysts especially Rhodium-based catalysts

o o)

hv or heat
NZ% y > HL
2l=: or Rh-catalyst 4 REt

H

: - Etozc<© _— /@
Et0,C

L. KUrti, B. Czako ,Strategic Applications of Named Reactions in Organic Synthesis* 2005, Elsevier 30



BUCHNER REACTION

Mechanism:
1. Step: o
—Rﬁ—(@r\
71 © ‘co,Et
H
@fH
¥ ;'H ‘CO,Et
|« H
—Rh—<@r\
metallocyclobutane
2. Step: COEt
tH electrocyclization H$
\ e ———
H —_—

2 “CO,Et
H

L. KUrti, B. Czako ,Strategic Applications of Named Reactions in Organic Synthesis* 2005, Elsevier

31



BUCHNER REACTION

Application in Total Synthesis — (-) Harringtonolide by L. N. Mander (1998)

Rh,(mandelate),
(4 mol%)

CH,CI;, relfux
10min then add DBU, 2min
84 %

99 Harringtonolide
100

B. Frey, A. P. Wells, D. H: Rogers, L. N. Mander J. Am. Chem. Soc. 1998, 120, 1914-1915. 37



Thank you for your kind attention!

Questions?e

33



