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“To unveil the truth is not conceivable without divergence of opinions, since the truth cannot be recognized, in its full extent, in one step, and by all 
at the same time. Each step with which the natural scientist is seeminly approaching his goal leads him to the entrance of a new labyrinth” 

— Alexander von Humboldt, Berlin (1828) (translated by the authors).
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Nitrone Nitrone formation: 
- condensation between aldehyde and N-substituted hydroxylamine
- oxidation of a hydroxyamineIsoxazolidine ring formation
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Kouklovsky, C. and co-workers Org. Biomol. Chem. 2008, 6, 1502-1510
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2. Zn(BH4)2

Et2O, –10 ºC
84%

54%

3. MsCl, TEA
DCM, 0ºC

4. KCN
DMSO, 100 ºC

50% (2 steps)

Alsmaphorazine B Vanderwal, C. D. and co-workers J. Am. Chem. Soc. 2015, 137, 7306-7309

N

NH
CO2Me

Me

O

H
N

NH
CO2Me

Me

O

H

O
N

NH
CO2Me

Me

O

H

OH

HH H

N

NH
CO2Me

Me

O

H

O

H

N

N
CO2Me

Me

O

H

O

H

OH

1. SmI2
2. DMDO

3. DBU
tol
O2

80 ºC
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alsmaphorazine B

Virosaine B Li, C. and co-workers Angew. Chem. Int. Ed. 2013, 52, 620-624
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Isoxazolidine ring opening:
- reductive ring opening to provide γ-amino alcohols
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Amino alcohol motif Fan, C. and co-workers J. Am. Chem. Soc. 2017, 139, 4282-4285
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1. NaOAc, NH2OH･HCl
2. NaBH3CN, TFA, –40 ºC

89% (2 steps)

3. HCHO (aq.) M.W.

150 ºC
52%

4. allyl bromide;
Zn, AcOH

88%

5. DMP
6. L-selectride

74% (2 steps)

7. pTsOH, 60 ºC
8. RuCl3

61% (2 steps)

Palhinine D

Fully substituted carbons - fully substituted nitrone synthesis method development Chida, N. and co-workers Angew. Chem. Int. Ed. 2019, 58, 4381-4385
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1. SEMCl, DIPEA
2. Li(CH2)4CH=CH2;

pTsOH

84% (2 steps)

3. 

tBuPh, 150 ºC
90% (1:1.3)

4. Zn, AcOH
5. Cu(I), AZADOL
6. iPrMgCl･LiCl

Cylindricine C

n-C6H13

Hydroxy lactam Baldwin, S. W. and co-workers Org. Lett. 2000, 2, 99-102
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Amino alcohol Fuchs, P. L. and co-workers J. Am. Chem. Soc. 2006, 128, 12656-12657
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Zn/AcOH failed to 
cleave N-O bond
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ɑ-methyl-D-mannopyranoside

aldol

Diels-Alder

CN
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Gao, S. and co-workers J. Am. Chem. Soc. 2019, 141, 16208-16212Nitrile Oxide β-hydroxy ketone
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Cyclohexane installation Carreira, E. M. and co-workers J. Am. Chem. Soc. 2020, 142, 
17802-17809
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Fragment coupling Carreira, E. M. and co-workers J. Am. Chem. Soc. 2001, 123, 3611-3612
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66%
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TEA;
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77%

Me

OH

directed nitrile oxide cycloaddition

Hori, K. and co-workers J. Am. Chem. Soc. 1994, 116, 2324-2339

- TS-A is favored
- Other metal alkoxides: lithium, zinc, aluminum are less 
effective.
- Coordinated intermediates enhances the rate of 
cycloaddition and improves syn-selectivity.

MHAT

condensation

via cross-coupling/
semihydrogenation

[O]

directed nitrile oxide cycloaddition
macrolactonization

aldol

epoxidation/
condensation

formylation
from L-ribose

J. Am. Chem. Soc. 2018, 140, 16704-16710

a

OH



Dipolar Cycloaddition in Total SynthesisYiheng Li
Baran Group Meeting

01/18/25

5

Reductive indolization
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Chen, D. Y. and co-workers Angew. Chem. Int. Ed. 2017, 56, 12277-12281
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36%
(2 steps)
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Pd(II), Ar-Br

5. HCl

50%
(2 steps)

O

6. PdCl2
H2

7. LDA, CH2O;
TFA;
HCl

15%
(2 steps)

Bicyclic lactam construction Fukuyama, T. and co-workers Org. Lett. 2018, 20, 119-121
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2. TFA

56%
(2 steps)

3’. Raney-Ni
H2

43%

3. Ti(OiPr)4, EtMgBr, iPrOH

50%
Kulinkovich, O. G. 

and co-workers 
Synlett 2004, 2004, 

1949

distillation of Ti(OiPr)4 
gave lower yield;
addition of iPrOH 
improves the yield

Macrocyclization
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[3+2]

Mo(CO)6 in wet MeCN 
reductively cleaved 
isoxazoline intermediate to 
β-hydroxy ketone

“Uncleavable” isoxazoline : (

Suh, Y. G. and co-workers J. Org. 
Chem. 2009, 74, 554-561

Tian, W. and co-workers J. 
Org. Chem. 2017, 82, 

269-275
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Conditions for cleavage:
Reduction:
Pd/C; Raney Ni; SmI2; Mo(CO)6…

Hydrolyzing C=N prior to N-O cleavage:
6N HCl;
DMDO; mCPBA; O3

Quarternization of N:
Me2SO4; Me3OBF4
then
H2O2; KMnO4; NaNO2

Curran, D. P. J. Am. 
Chem. Soc. 1983, 105, 
5826-5833

Raney-Ni, B(OH)3
MeOH/H2O (5:1), H2
(inhibit retro-aldol and 
epimerization)12

13

esterification

13

13

MeO

O

OH

Cl–
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Azomethine ylides (formal synthesis) Pandey, G. and co-workers Org. Lett. 2005, 7, 3713-3716
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Kürti, L. and co-workers Org. Biomol. Chem. 2020, 18, 2051-2053
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Liang, G. and co-workers Org. Lett. 2013, 15, 1978-1981

Azomethine imine
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∆
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Brewer, M. and co-workers Org. Lett. 2016, 18, 3952-3955

towards Aspidospermine
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J. Am. Chem. Soc. 2008, 130, 3766-3767
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87%

O CO2Me

Overman, L. E. and co-workers J. Org. 
Chem. 2002, 67, 7880-7883

Potential strategy could be 
applied to palau’amine and 
styloguanidine.

Heck

alkylation

(E)

Alkylation

N
H

N
NH

O

O

H CO2Me

Diazo alkane

Overman, L. E. and co-workers J. Org. Chem. 1991, 56, 5005
J. Org. Chem. 1993, 58, 4662



Dipolar Cycloaddition in Total SynthesisYiheng Li
Baran Group Meeting

01/18/25

7

Enantioselective approaches Zhang, M. and co-workers J. Am. Chem. Soc. 2021, 143, 7088-7095
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60%
dr 6:1
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O
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N CO2Et

tBuO2C

N
H

HO2C

Ph CO2Et

CuI (10 mol%)
brucin-OL (10 mol%)

DBU (10 mol%)

CHCl3, 0 ºC
50%, 98% ee

Reisman, S. E. and co-workers J. Am. Chem. Soc. 2012, 134, 1930-1933

N

O

O

N
OHHO

H
H

H H

OMe

OMe

brucin-OL

Oh, K. and co-workers Angew. Chem. Int. 
Ed. 2009, 48, 7420-7423

Cu(I) and Ag(I) catalyzed 1,3-dipolar cycloaddition

- OH at C21 is expected to stabilize smaller 
Cu(I)-N19, leaving the OH group at C22 
availalb for hydrogen-bonding interactions 
to dictate the approach of acrylates

- effect of OH at C21 is less evident with the 
Ag(I)-N19 so initial 1:1 Ag(I)/brucin-OL 
complex undergoes a conformational 
change to allow another brucin-OL to 
participate

Reductive 1,3-dipolar cycloaddition of secondary amides

N N
OOMe

H

Me

CO2H

(–)-quinocarcin

N

OMe Me

N
H

O

CO2Me

N

OMe Me

N
H

CO2Me

tBuO2C

[Ir(COE)2Cl]2 (0.2 mol%)
Et2SiH2, tol, 60 ºC;

Cu(MeCN)4BF4 (5 mol%)
(R)-DM-Segphos (5.5 mol%)

K2CO3
tBuO2C

43%, 93% ee

Huang, P. Q. Angew. Chem. Int. Ed. 2023, 62, e202302832

Optimized conditions were developed 
based on the model system with 
isoquinoline motif. Under the same 
conditions, the isoquinoline with a 
methyl substituent at C1 generated a 
cyclized product possessing opposite 
absolute configuration of the chiral 
centers.

1

Introduction of an extra 
methyl group resulted in 
reduced reactivity and 
stereoselectivity due to steric 
hindrance. Application of a 
less bulky ligand and K2CO3 
improved the yield and 
enantioselectivity.

alkylation

dearomative addition

intramolecular
alkylationEvans aldol

metal-catalyzed
isomerization

enantioselectivity reversal Cu(I) vs Ag(I)

addition to imine

lactamization
COE = cyclooctene
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(S,S)-DIPT as a chiral auxiliary [Mg] Ukaji, Y. and co-workers J. Org. Chem. 2017, 82, 
1969-1976

N NH

HO2C
Me

O

O
N
H

Br

Manzacidin A

N N

Ph

O
Me

OH

(S,S)-DIPT, MeMgBr (3 equiv.)
MeCN, 0 ºC;
80 ºC, 7 days

59%, 95% ee

N N

O

Ph
Me

OH

T2 might be disfavored due to the 
steric congestion between the 
substituent R in the azomethine 
imine and the methylene moiety 
in methallyl alochol.

Maruoka, K. and co-workers. J. Am. Chem. Soc. 
2006, 128, 2174-2175

1. {((S)-binaphthoxy)
(isopropoxy)titanium} oxide

DCM, –40 ºC, 3 h
52%, 95% ee

Chiral Titanium BINOLate Lewis acids

CHO

Me
N2

EtO2C

O N NH

EtO2C
Me

CHO

O

O
Ti

OiPr

O

O
Ti

O

PrOi

{((S)-binaphthoxy)
(isopropoxy)titanium} oxide

NN
OEtO2C

OMe

Me

N NH

EtO2C
OH

Me

N NH

HO2C
OH

Me

2. NaBH4
3. PPTS, HC(OMe)3

65% (2 steps)

4. Raney-Ni, H2
 iPrOH/H2O

5. NaH, 4-bromo-2-
trichloroacetylpyrrole

50% (2 steps)

J. Am. Chem. Soc. 2005, 127, 11926-11927

the same strategy can be applied to 
cycloaddition reaction of nitrone and acrolein

Carreira, E. M. and co-workers J. Am. Chem. Soc. 
2021, 143, 10389-10402

DIPT and Zn(II)

N
OH

C9H19 Cl

EtO2C OH

N O

C9H19

CO2Et

OH1. Et2Zn, (R,R)-DIPT

57%, 96% ee

N O
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OH
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O
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O

H

H N O
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CO2H

N3

2. DBU

94%

3. KN3
18-crown-6

47%

N

O
N
H

Me O
iBu

HN O

O

C9H19

NHO

iPr
O

HN

Et
N
H

O
HO

H

Mutanobactin D

25

26O

N
H

O N

OHN

NH

O
iBu

C9H19
H

H

Mo(MeCN)3(CO)3
MeCN/H2O;

silica gel

2 days
50%

25
26

Inomato, K. and co-workers Chem. 
Lett. 1996, 25, 455-456

De Sarlo, F. and co-workers Synthesis 
1989, 1989, 175-178

Chiral Bronsted acid catalyzed 1,3-dipolar cycloaddition

OHC

Me

Me
EtO2C

CO2Et

NH2

MeO NO2

CO2Me

MeO NO2

NH

CO2Me

EtO2C CO2Et

Me
Me

bisphosphoric acid (10 mol%)
tol, 3Å MS
40 ºC, 72h

94%, 99% ee

O

O O
P

HO
O

OO
P

OH
O

bisphosphoric acidGong, L. and co-workers. Org. Lett. 
2011, 13, 2418-2421

macrolactamization

dr 85:15

H
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Carbonyl Ylides

Me H

H

O

Me
Me

O

O
Ph

Me O

O

OH
(–)-englerin A

O
Me

Me

O
CO2tBu

N2

OEt

O

O

Me
Me

tBuO2C OEt

[Rh2(S-TCPTTL)4] (1 mol%)

CF3C6H5, 1 h
75%, 95% ee

O
Rh

O
Rh

H
Me

MeMe
N

O

O

Cl

Cl
Cl

Cl

[Rh2(S-TCPTTL)4]

mechanism?

Hashimoto, S. and co-workers Chem. Eur. J. 2015, 21, 11671-11676

Pt-catalyzed

Rh-catalyzed

O

Me

O

O
Me

Me

O

H

hedyosumins B

O

Me

O
H

H
OTBS

OTBS

Me

O

H

OTBS
O

PtCl2, AgSbF6
4Å MS

50%

OTBS
Yang, Z. and co-workers Tetrahedron Lett. 2022, 102, 153946

O

O

H

H
Me

[Pt]
R

OTBS

OTBS

Me

O

H

OTBS
O

OTBS

Me

O

H

O
OTBS

Et

O

1. LHMDS, EtI
2. Rubottom [O]

40% (2 steps)

3. Pb(OAc)4
4. O3; PPh3

83% (2 steps)

silica gel

Iwasawa, N. and co-
workers J. Am. Chem. Soc. 

2010, 132, 8842-8843

Azide

Miscellaneous Dipoles

Stoltz, B. M. and co-workers J. Am. Chem. Soc. 2024, 146, 4340-4345

HN

N

HO

O

H

(–)-hunterine A

N
HO

N3

H

CN

N
H

O

N3

N

N

O

H

N
N

1. AgNO3

EtOH
82%

2. heptane
23 ºC

80%

N

N

O

H

H

HN

N

AcO

O

H
hν

benz.

AcOH

J. Am. Chem. Soc. 2003, 125, 15000-15001

O

O

Me

MeO
N

N

O

O

Me

OH

Me NMe2

OH

H

HO
OH

(–)-lemonomycin

H

HN
N

O

Me Bn

Br–

Me Me

N
S

O O

O

N
N

Bn

OH

O

1. N-Me-morpholine
MeCN, –20 ºC, 72h

2. NaBH4

72% (2 steps)
94% ee

Joule, J. A. and co-workers Heterocycles 1995, 40, 331-347
Angew. Chem. Int. Ed. Engl. 1976, 15, 1-60

N

O

Me

NC

ON
Me

NC

ON
Me

NC

O

NC

Me2N Me

MeI

NaHCO3

aldol

1,2-addition

name?

Suzuki

“Pictet-Spengler”
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Can you see possible dipolar cycloaddition disconnections in these molecules? (There is no right answer…)

HO
N

HO
HO

HO
Haouamine A

Weinreb, S. M. and co-workers Org. 
Lett. 2006, 8, 2309-2312

Me

N

O
Me OH

HH

Himalensine A
Gao, S. and co-workers Org. Lett. 

2019, 21, 3741-3745.

Me
Me

Me

H

OH

Albicanol
Fukumoto, K. and co-workers J. 

Chem. Soc., Chem. Commun. 1989, 
1093-1094

O

HO

HO

NHCO2Me

MeSSS
(–)-Calicheamicinone

Nicolaou, K. C. and co-workers J. Am. Chem. 
Soc. 1993, 115, 7612-7624

MeO

MeO

MeO

O
OMe

NHAc
H

Colchicine
Schmalz, H. and co-workers Org. 

Lett. 2005, 7, 4317-4320.

Zhai, H. and co-workers J. Am. 
Chem. Soc. 2022, 144, 14396-14402

(+)-Alstonlarsine A

HN

MeO O

N

H
Me

H

Me
O

Me

N
Boc

O

N
o-Ns

Me

MeO O
H

Me

OH

OH

interrupted
Pictet-Spengler

Melicolones A
Martin, S. and co-workers Tetrahedron 

2022, 103, 132551

O
Me Me

HO

O
Me

O

Me
Me

OH
MeO2C

N
O

O

Me

HO

H
NEtO2C

Me

Me

Gracilamine
Banwell, M. G. Org. Lett. 2017, 19, 162-165.

O

O N
H

Crinane
Pearson W. H. and co-workers 

Tetrahedron, 1996, 52, 3107-3116.
Hint: azide involved

N
H O

N

Me

(–)-Rhazinilam
Tokuyama, H. and co-workers 

Tetrahedron 2015, 71, 3619-3624.
Name?

Nominine
Gin, D. Y. and co-workers J. Am. Chem. 

Soc. 2006, 128, 8734-8735.

N

OH

H

H H

H
H

Me


