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4.10: SPECTROSCOPY OF ETHERS

After completing this section, you should be able to

1. use the 'H NMR spectrum of an unknown ether or epoxide to determine its identity.
2. identify the approximate chemical shift expected for protons attached to the carbon atoms that are bonded to oxygen in an ether or
an epoxide.

INFRARED SPECTROSCOPY

Ethers and epoxides typically have a strong C-O stretch between 1000 and 1300 1/cm. Because this absorption appears in the fingerprint
region of the IR is can be difficult to assign. In addition to the C-O peak, it is helpful to note if an IR spectrum has no C=0 or O-H stretch
peaks to confirms it is not aldehyde, ketone, or alcohol.

If you look at an IR spectrum of dibutyl ether, you will see:

o there are the usual sp> C-H stretching and CH, bending modes at 2900 and 1500 cm™.
o there is a strong peak near 1100 cm™’. This peak is due to the C-O stretching vibration.
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Figure IR7. IR spectrum of dibutyl ether. Source: SDBSWeb: http://riodb01.ibase.aist.go.jp/sdbs/ (National Institute of Advanced Industrial
Science and Technology of Japan, 14 July 2008)

Although thios and sulfides do have a weak C-S stretch between 710 and 570 1/cm, the absorption is very difficult to assign. In addition

thios have a weak S-H stretch at 2600-2550 1/cm.

Ethanethiol
INFRARED SPECTRUM

Relative Transmittance

- L FE—— i JE—— i FR—— |
3000 2000 1000
Wavenumber (cm-1)

NIST Chemistry WebBook (https://webbook.nist.gov/chemistry)

0.2+

IH NMR SPECTROSCOPY

e Hydrogens on carbon adjacent to the ether show up in the region of 3.4-4.5 ppm.
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e Similar peaks in epoxides are shifted to a slightly higher field than other ethers. Hydrogens on carbons in and epoxide appear in the

region of 2.5 to 3.5 ppm.
e Hydrogens on carbons adjacent to the sulfur in sulfides and thiols appear in the region of 2.0 to 2.5 ppm.

e The SH hydrogen of a thiol typically appears in the region of 1.3-1.5 ppm.

The 'H NMR spectrum of dipropyl ether shows three signals with the triplet at 3.37 ppm assigned to the -CH,- beside the ether and the
other two signals upfield (1.59 and 0.93 ppm). Notice the protons closer to the electron withdrawing oxygen atom are further downfield
indicating some deshielding. Protons at (A) and (C) are each coupled to two equivalent (B) protons. So, each of these signals appears as a
triplet. The (B) protons in turn are coupled to a set of two and three equivalent protons and appears as a sextet. Source: SDBSWeb :

http://sdbs.db.aist.go.jp (National Institute of Advanced Industrial Science and Technology, 28 June 2017).
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Source: SDBSWeb : http://sdbs.db.aist.go.jp

The methylene protons of this epoxide are diastereotopic and appear as two separate peak. When looking at the 3D structure of 2-

methyloxirane it is clear that each methylene hydrogen is distinctly different. Also, hydrogens attached to the carbons in eposxides tend to
display complex splitting patterns (Sections 13-7 and 13-8).
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Source: SDBSWeb : http://sdbs.db.aist.go.jp

Note that in this 'H NMR spectra the SH proton is actively involved in splitting. The SH proton peak at 1.39 ppm is split into a triplet and
the methylene peak at 2.55 ppm is split into a quintet.

13C NMR SPECTRA

e Carbons adjacent to the ether appear in the region of 50-80 ppm.
e Carbons that are part of the epoxide appear in the region of 40-60 ppm.
e Carbons adjacent to the sulfur in sulfides and thiols appear in the region of 20-40 ppm.
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MASS SPECTRA

Ethers, sulfides, and epoxides all have similar fragmentation patterns in mass spectra with a few subtle variations.
ETHERS

e The M" is typically weak or absent
e They primarily undergo alpha-cleavage to produce [H,C=0-R]"
e They can also undergo an inductive cleavage to produce R*

EPOXIDES

e The M" is typically weak or absent
e They primarily undergo alpha-cleavage to produce an alkyl radical

SULFIDES

e The M is typically stronger than the corresponding ether
e They primarily undergo alpha-cleavage to produce an alkyl radical
e They can also undergo an inductive cleavage to produce R*
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Answer
2-Ethyloxirane

This page titled 4.10: Spectroscopy of Ethers is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Steven Farmer &
Dietmar Kennepohl (Cafiada College) .

e 18.9: Spectroscopy of Ethers by Dietmar Kennepohl, Steven Farmer is licensed CC BY-SA 4.0.
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