TRIMETHYLENE OXIDE 1

Trimethylene Oxide
[503-30-0] C3HgO (MW 58.09)

InChI = 1/C3H60/c1-2-4-3-1/h1-3H2
InChIKey = AHHWIHXENZJRFG-UHFFFAOYAE

(three-carbon homologation)

Alternate Name: oxetane.

Physical Data: bp 50°C; d 0.893 gcm™3.

Solubility: sol HO and most common organic solvents.

Form Supplied in: commercially available in 97% purity.

Preparative Methods: from 3-chloropropyl acetate and
Potassium Hydroxide;! from 1,3-Propanediol and Diethyl
Azodicarboxylate/Triphenylphosphine 2

Purification: by distillation.
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Reaction with Carbon Nucleophiles. Trimethylene oxide
readily undergoes ring opening with a variety of carbon nucleo-
philes to give the three-carbon homologated alcohol. Substi-
tuted oxetanes undergo analogous reactions. Grignard reagents
and alkyllithiums react cleanly, although reduced yields are
obtained with secondary Grignard reagents (eq 1).3 Alkyl
cuprates,* alkenyllithium,3 alkenylaluminum,® alkynyllithium,”
and allyllithium® reagents have been used to open oxetane. Reac-
tion with ester and amide enolates provides access to 5-hydroxy
esters and amides (eq 2)? and ketone imine salts react with oxetane
(eq 3) as well.'® Boron Trifluoride Etherate is frequently used
to assist the ring opening. Oxetane reacts with allylsilanes and
Titanium(IV) Chloride to give the ring-opened products (eq 4).11
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Reaction with Heteroatom Nucleophiles. Trimethylene
oxide undergoes ring opening with a wide variety of heteroatom
nucleophiles. Reaction with Cyanotrimethylsilane gives, after
hydrolysis of the isocyanide, 3-aminopropanol (eq 5).1213 3-
Hydroxydimethylsulfonium salts are obtained on reaction with
Trifluoromethanesulfonic Acid and Dimethyl Sulfide.!* Phos-
phonium salts are obtained on reaction with Triphenylphos-
phine and Trifluoroacetic Acid or triflic acid (eq 6).15 Reaction
with phosphine anions gives the 3-hydroxypropylphosphines.!®
Trimethylene oxide is readily opened by selenium nucleophiles,
such as phenylselenide anion, which gives 3-hydroxypropyl
phenyl selenide.!”
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Reductive Opening of Oxetane. Reduction with Lithium
4,4'-Di-tert-butylbiphenylide (LDDB) gives the 3-lithioalkoxide,
which reacts with a wide variety of electrophiles (eq 7).18 A
similar opening occurs with the Potassium/18-Crown-6
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More Recent Uses of Trimethylene Oxide.

Further Reactions with Heteroatom Nucleophiles. Recent
advances in the ring opening of trimethylene oxide with hetero-
atom nucleophiles have centered on nitrogen and sulfur containing
reagents. Direct formation of aminols from the reaction of amines
with trimethylene oxide eliminates the traditional need for for-
mation of the isocyanide and subsequent hydrolysis (eq 5). The
aminolysis of trimethylene oxide has been promoted by either
Lewis acids2? or lanthanide(III) salts (eq 8).21.22 Dinitrogen pen-
toxide reacts with trimethylene oxide to afford the ring-opened
dinitrate (eq 9).23 Catalyzed by a highly Lewis acidic titanotrane,
trimethylene oxide reacts with 2 equiv of carbon disulfide to
afford cyclic trithiocarbonates (eq 10).24
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Further Reactions with Carbon Nucleophiles. Cyanotri-
methylsilane has previously been shown to open trimethylene
oxide to the isonitrile; utilization of a solid base, MgO, results in
formation of the nitrile (eq 11).25 Ring opening with a-halogen-
alkyllithiums leads to the chain extended halo-substituted butanol
(eq 12).26
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Ring-opening Carbonylation of Oxetane. Silylformylation
of trimethylene oxide with dimethylphenylsilane and carbon
monoxide is catalyzed by rhodium in the presence of an amine base
to suppress side reactions (eq 13).27 Dicobalt octacarbonyl cat-
alyzes ring opening with N-silylamines and CO to afford amides
(eq 14).28 Carbamate formation is possible without the presence
of a catalyst. The reaction of an amine and carbon dioxide
(40 atm) yields the carbamate anion, which acts as a nucleophile to
give the desired product. However, in this scheme formation of the
aminol by direct reaction of amine with trimethylene oxide could
not be suppressed (eq 15).22 Acylative cleavage of trimethylene
oxide is possible with standard Lewis acids, e.g., AlCl3, however,
group five and group six metal halides are more reactive and afford
higher yields with shorter reaction times (eq 16).3°
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Application to Total Synthesis. While there have been many
methods developed to open trimethylene oxide and give func-
tionalized products, the ring opening with carbon nucleophiles
remains the only reaction utilized in total synthesis. Overman, in
the synthesis of (—)-laurenyne, used oxetane in the formation of
the eight-membered ether ring (eq 17).31 A second example of the
Lewis acid mediated ring opening of oxetane in synthesis is the
formal synthesis of kuehneromycin A (eq 18).3? Here oxetane is
used to form a diene that is an intermediate common to Jauch’s
synthesis.33
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