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1,3-Dipolar Cycloaddition Reactions
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Nitrile Oxides In the Total Synthesis of Natural Products

——via 1,3-Dipolar Cycloaddition Reactions
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Reactivity: Sustmann Classification of the 1,3-Dipolar Cycloaddition Reactions
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The 1,3-Dipolar Cycloaddition Reactions of Nitrile Oxides




Reactivity: Electronic and Steric Effect

1. Electron-withdrawing substituents on the nitrile oxides increase the reactivity
2. Electron-donating substituents on the olefin increase the reactivity

3. Conjugating substituents raise an olefin’s HOMO and lower its LUMO,
increasing the reactivity

4. The steric effect of a single alkyl substituent on an alkene decreases reactivity.
5. Trans-disubstituted alkenes are more reactive than the cis-isomers.
6. Trisubstituted alkenes are even less reactive and steric effects dominate.

7. The degree of strain in cyclic olefins and their ease of deformation to form
cycloaddition transition states also affect reactivity.



Stereoselectivity

. The Addition of Nitrile Oxides to Chiral Allyl Ethers
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Stereoselectivity: Metal Coordination Control in 1,3-Dipolar Cycloadditions

Kanemasa reaction: Mg'-Mediated Cycloadditions of Nitrile Oxides

- N—0O
+ 0 Y Me DCM |
N - 7Y —>  pp Me
OMgBr syn:anti=99:1
OH
favor (syn) infavor (anti)

Shuji Kanemasa, et al. J. Am. Chem. Soc. 1994, 116, 2324-2339.
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Stereoselectivity: Metal Coordination Control in 1,3-Dipolar Cycloadditions
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Intermolecular Cycloaddition
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Intermolecular Cycloaddition
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Intermolecular Cycloaddition: Kanemasa Reaction
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Intramolecular Cycloaddition: To Construct the Five-Membered Ring

N-O H

HO Q
O,N - HoN - J
2 PhNCO, TEA, benzene | LiAlH,4, Et,O < > HN NH
L e T () T e
s 24 h, rt, 79% 3 reflux, 4 h, 92% S ,
H H

/\/\002H
20 21 Biotin
Pat N. Confalone, et al. J. Am. Chem. Soc. 1980, 102, 1954-1960
H OPiv OPiv O
NaClO, TEA 0(CO)g, MeCN/HZO
} S
| DCM/H,0, 57% 90 °C, 29% (@)
_N
HO OBn '[\\l/le
22 Palhinine A
Martin E. Maier, et al. Eur. J. Org. Chem. 2021, 2549-2556
OH
H,, Raney Ni
NaOCI, THF >
—>
O. ~ H acetone/H,0 (4:1).
OTBS
27 Phorbol
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Intramolecular Cycloaddition: To Construct the Six-Membered Ring
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K. C. Nicolaou, et al. J. Am. Chem. Soc. 1992, 114, 3134-3136; J. Am. Chem. Soc. 2015, 137, 8716-8719

16



Intramolecular Cycloaddition:

To Construct the Six-Membered Ring
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Intramolecular Cycloaddition: To Construct the Six-Membered Ring

Tohru Fukuyama, et al. Angew. Chem. Int. Ed. 2017, 56, 1549-1552.
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Intramolecular Cycloaddition: To Construct the Six-Membered Ring
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Intramolecular Cycloaddition: To Construct the Seven-Membered Ring
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Intramolecular Cycloaddition: To Construct the Seven-Membered Ring
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Intramolecular Cycloaddition: To Construct the Macrocycle
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Br,C=NOH: Applications in the Total Synthesis
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Br,C=NOH: Applications in the Total Synthesis
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o NO PdCl, (4.5 eq.), Hy (1 atm), 6 h, rt HN HN cl®
7’ > — — —
N\ N —>  HO.C ® H
N MeOH/H,O/AcOH (8:2:1); then TFA N N
MeOzC
MeO
@)
0] @) OH
98 929 Actinophyllic Acid

David Y.-K. Chen, et al. Angew. Chem. Int. Ed. 2017, 56, 12277-12281
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Summary: The Tranformations of Nitrile Oxides in 1,3-DPCA

Oxidation Dehydration
a)NaOCl,base .
' b) Chloramine-T ! ra) 2 R'-N=C=0, base
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Teruaki Mukaiyama, et al. J. Am. Chem. Soc. 1960, 20, 5339-5342
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oxone
NaX orKX —» X

N’OH NaX or KX, oxone r
| > P
R)\H then Base R//

OH N,E’)H H OH

++ )N|\/ —>X or +X’>|\N/O  — )NI\/
R™ "H Rj\H R™ "H R™ "X

Rongbiao Tong, et al. Org. Lett. 2019, 21, 315-319
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-OH X-0OR'

N ﬁ’é
| » y/
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B
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I S WUl )
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Satoshi Minakata, et al. Org. Lett. 2011, 13, 2966-2969.
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Viktor V. Zhdankin, et al. Org. Lett. 2013, 15, 4010-4013
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Mo(CO)sg Mo(CO)g
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P. G. Baraldi, et al. Synthesis 1987, 276-278
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(i\]"' o}
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William Tam, Org. Lett. 2002, 4, 4101-4104
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+ 2 EtMgBr R —
Ti(O/-Pr)y >  Et,Ti(O/-Pr), A CTi(0i-Pr), N A Ti(Oi-Pr)s
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Oleg G. Kulinkovich, et al. Synlett 2004, 1949-1952
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Bu.SnH . B scission BusSn®
Ry DUSMH L  N=C-SnBu, < R-N=C-SnBu; <——— R-N=C: === R-N=C * CO, * TEAeHC

Takeo Saegusa, et al. J. Am. Chem. Soc. 1968, 90, 4182.
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HO R1

EtSNa, MeOH " N—R’ Nal, TMSCI, MeCN
NG - )\_\( -~
or Nal, PTSA

R® B R?

Yang Mo Goo, et al. Synth. Commun. 1994, 24, 1433-1439
Martin G. Kociolek, et al. Synth. Commun. 2004, 34, 4387-4394
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