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Applications of Oxetanes
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Polymer: Curing agent

Chemical process of converting a prepolymer or a polymer into a polymer of higher molar mass and connectivity
and finally into a network. Curing is typically accomplished by chemical reactions induced by heating (thermal
curing), photo-irradiation (photo-curing), or electron-beam irradiation (EB curing), or by mixing with a chemical

curing agent. (http://goldbook.iupac.org/CT07137.html)



General Strategies

Photochemical Approach
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Issues to consider:
- Regioselectivity O R

- Intrinsic stereoselectivity — \ / ¢
- Site selectivity

Cyclization Approach
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X = leaving group

Chiral alcohols can be accessed from:

- Asymmetric reduction of ketone —» — 2-substitued oxetane
- SAE - — 2- or 2,2-disubstituted oxetane

- Asymmetric allylation



Introduction
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Light Induced Transition

(E=hv, v=c/, E=hc/)

Wavelength

106 mm

10-5 nm

104 nim

10~ nm -

102 nm
10-Tnm -

1 nm

10 nm

100 nm 4

107 nm = 1 pwm
10 1m A

100 pm

1000 um = 1 mm
10mm =1 cm
10 em

100 ecm=1m A
10 m A

100 m A

1000 m =1 km A
1 lem

100 km H

Gamma
= rays

B e

B J 400 nm
B Ultraviolet Violet

Blue

Gireen

radiation
Yellow
Crrange

i Visible ligl
isible IL\REJ

Infrared 700 nm
L radiation

- Microwaves

¥

Radio waves

Nuclear (0.005 - 1.4 A)

Inner electron (0.1 - 100 A)

[Bonding electrons (10 - 780 nm)]

Rotation/vibration of molecules (0.78 - 300 um)

Rotation of molecules (0.73 - 3.75 mm)

Spin of nuclei (0.6 - 10 m)
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Orbitals Involved in Electron Transitions
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[a =87 %101 PA) n — o*: A 150 - 250 nm (mostly ~200 nm)

P is transition probability

A is the cross-section target area n— 1 1 A 200 - 700 nm, €: 1000 - 10000

n—m*:A200-700nm, e 10-100
Both require an unsaturated functional group

Skoog, Hooller, Nieman Principles of Instrumental Analysis, 5t Ed.
Anslyn, Dougherty Modern Physical Organic Chemistry



Chromophores

Chromophores Amax (NM) T-{gr?:it?;n Emax
H,C=CHCgH13 177 T—n 13000
)OJ\ 186 T —> O* 1000
HiC~ “CHs 280 n — m* 16
Effect of Conjugation
Chromophores Amax (M) Tgr?seit?;n €max
SNoNNF 184 T —> ¥ ~10000
NF 217 n — n* ~21000
M 282 n—n* 27
@
\/k 324 n - 24  spatially "forbidden”
X0 219 T —> T 3600  spatially "allowed"




ISC and Substituent Effect on Spin State

QO
R = Alkyl R = Aryl
R)J\R
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n,n* l \\\kISC 10° s n,n* ! ’R,’II*
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Consequence of Hund's rule: E(T4) < E (S1)
Consequence of Sayed's rule: S — T4 is "forbidden", but S; — T» is "allowed"

Anslyn, Dougherty Modern Physical Organic Chemistry



General Mechanism of PB
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Biradicals were observed spectroscopically and trapped by biradical quenchers.

Abe, M. JCCS 2008, 55, 479.



Effect of Concentration on Endo Selectivity
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Selectivity Considerations

major product
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Regioselectivity
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Intrinsic Diastereoselectivity
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Intrinsic Diastereoselectivity
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Intrinsic Diastereoselectivity

ph M

i+@ hv» N exo

Fh i
E_G Tﬂ-.. JIII IIIL
H 0
outward / l AT
ke, '
W,
Eh Ph

A hi

q " \ ¥

s = "R A
H

counterclockwise
T-C1 T-C2 T-C3

[ I
P-

I
LIS S
IEE+‘I |5C\‘4 |5cu

exo-2a benzaldehyde endo-2a
+

furan

Abe, M. et. al. J. Am. Chem Soc. 2004, 126, 2838



Retrocleavage Pathway
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Controlling Facial Diastereoselectivity
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entry  substrate X R solvent time [h] convn®[%] mb%%%] diastereo (threoerythro) regio (2:2
1 la H Me CsDg 28 90 82 90:10 =05:05¢
2 1b H Et CsDg 20 90 95 93:07 =95:05°
3 lc H Pr CsDg 20 89 91 95:05 =95:05°
= 1d H Bu CeDs 20 92 88 =95:05 =95:05°
3 la H Me CsDg/D;COD (1:1) 32 83 81 69:31 95:05°
] le SiMe:Bu  Me CsDs 32 54 83 3248 83:17°

4 Determined by 'H NMR spectroscopy directly on the crude product mixture. Error limits +5% of the given values. Internal standards: aromatic
signals (entries 1. 5. 6), dimethyl isophthalate (entries 2—4). ® Mass balance based on the allylic substrate 1. ¢ The diastereomeric ratio of the minor

7 4 27-
Segioisomes 27 15 78: the relative configurations have not been determined. Adam, W. et. al. J. Am. Chem. Soc. 2000, 122, 2958.

constitutional isomer



Site Selectivity
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Abe, M. et. al. . Am. Chem. Soc. 2004, 126, 2838



Temperature Effects on Triplet [2+2]
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Some Transformations
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Bach, T. Synthesis 1998, 683.



Some Transformations
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PB Reaction in the Synthesis of Asteltoxin
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Schreiber, S. Science 1985, 227, 857.
Schreiber, S. et. al. . Am. Chem. Soc. 1983, 105, 6723.



Ring Closing Approach from a 1,3-Diol
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Dussault, P. et. al. Org. Lett. 2002, 4, 4591.



LLB-Catalyzed Kinetic Resolution
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Shibasaki, M. et. al. Angew. Chem. Int. Ed. 2009 48 1677.



Conclusion

PB reaction can build up to 3 contiguous stereogenic centers at once, however
- Many selectivity issues.
- Limited approaches for the facial diastereoselective control.

To rationally design stereoselective PB reaction, one must have the proper
understandings of the followings:
- Photochemistry
- Radical chemistry
- Factors controlling regio-, site- and stereoselectivity
- Orbital interactions
- Conformation analysis
- Stereoelectronic effects
- Concentration, temperature and viscosity can affect the mechanisms for PB
(i.e. Singlet, Triplet, PET) and degree of selectivity.
- Spin state depends on the substituents on the carbonyl component.

Factors controlling various aspects of selectivity have gradually been illuminated
through continuous efforts in the experimental, theoretical and computation
studies.



