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Transition Metal-Free Cascade Cyclization of Epoxy-Ynamides: To Go

for 1,3-Oxazines or 1,4-Oxazines?
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ABSTRACT: An approach to both 1,3- and 1,4-oxazines is developed by the cascade cyclization of epoxy ynamides under
transition metal-free conditions. Thus, while 1,3-oxazines are obtained in a regio- and stereoselective manner by using base,
cyclization of epoxy ynamides with sodium azide as a nucleophile results in 1,4-oxazines. Deuterium-labeling experiment
demonstrates the role of water as a proton source in the formation of 1,4-oxazines. Epoxy tethered alkyne precursors provide 1,4-

oxazines that undergo click reaction.

namides constitute an important subgroup of alkynes
because of the versatile reactivity of carbon—carbon triple
bond directly attached to the nitrogen atom."” Cyclization
reactions using ynamide substrates generally lead to products
with very high regio- and stereoselectivity.”* Most of the
cyclization reactions of ynamides involve the a-carbon of the
alkyne connected to the nitrogen atom.” The cyclization at the -
position of ynamides are, however, rarely explored.®
Ynamides with an epoxy functional group are attractive
substrates for intramolecular’ or intermolecular cyclization
reactions by virtue of highly strained three-membered epoxide
ring.8 In particular, ring expansion reactions of epoxides are of
considerable interest since multitudes of carbocycles or oxygen
containing heterocycles can be generated.”™"" Tllustrative recent
examples of novel transformations involving epoxide substrates
containing an alkyne skeleton are shown in Scheme 1."7"* In the
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first example, generation of carbo- or heterocycles by the
reductive coupling of substrates having both the epoxide and
alkyne moieties using [Ni]-catalysts is shown.'” The second
reaction involves [Au]-catalyzed cycloisomerization of epoxy
alkynes resulting in ketal skeleton in highly regio- and
diastereoselective manner using water or alcohol as the
nucleophilic source."” The report from Fang’s group involves
the [Pt]-catalyzed isomerization of alkynyl epoxides to cyclic allyl
vinyl ethers.'* The last report deals with ring expansion of 1-
epoxy-1l-alkynyl cyclopropanes using [Au]-catalytic systems
under the influence of halonium ions.

In all the above reactions, both the alkyne and epoxide
participated in the cyclization process under transition metal
catalysis. In this context, we anticipated that ynamides appended
with epoxide functionality are versatile synthons. Such epoxide
tagged ynamide substrates 1 can undergo varied ring-expansion
reactions. The resulting cyclic products possess both nitrogen
and oxygen in their core structure that is present in numerous
biological active compounds.'®"”

Thus, in continuation of our interest in the reactivity of
functionalized ynamides,'® herein we report the synthesis of 1,3-
and 1,4-oxazines via 6-exo- and 6-endo-dig cyclization of epoxy
ynamides using a base and NaN; nucleophile, respectively, in the
absence of any transition metal catalyst.

Initially, we performed the reaction of the epoxy ynamide 1a
(see Supporting Information for its synthesis) with NaH (2
equiv) in THF. Surprisingly, the ring expanded product 2a was
isolated in 26% yield (Scheme 2A). In an interesting contrast, the
reaction between 1a and NaNj (2 equiv) in +-BuOH/H,O (1:1)
mixture at 80 °C for 12 h gave the cyclized product 3a in 20%
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Scheme 2. Contrasting Ring Expansion Reactions of Epoxy
Ynamide 1a Leading to 1,3-Oxazines or 1,4-Oxazines
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yield, again, in the absence of a transition metal catalyst (Scheme
2B). It should be noted that the first reaction leads to 1,3-oxazine,
while the second one affords 1,4-oxazine.

For the reaction shown in Scheme 2A, the product yield did
not improve by changing the solvent from THF to (EtO),CO
(cf. Table S1, SI). Use of bases such as NaNH,, NaOH, K,CO,,
NaOBu, and LiO'Bu did not give the desired product. To our
delight, the reaction proceeded very smoothly with 2 equiv of
KO'Bu as the base in THF at rt (25 °C) within 2 h affording the
desired product 2a in 82% yield with excellent regio- and
stereoselectivity. We also tried to use a catalytic amount of
KO'Bu (10—20 mol %), but the yield was negligible. Thus, the
optimal reaction conditions for this ring expansion reaction were:
1a (1.0 equiv) in THF with KO'Bu (2 equiv) as the base at rt for 2
h.

For the reaction shown in Scheme 2B, use of --BuOH alone
afforded only a trace amount of the desired product (cf. Table S2,
SI), probably because of the low solubility of the azide, but the
cyclized product was not observed by using only H,O. Other
polar protic and polar aprotic solvents provided only traces of the
cyclized compound 3a.The reaction proceeded very smoothly in
PEG-400 providing the desired product 3a in 70% yield with
excellent regioselectivity. Later, we found that cyclization
occurred even at rt (25 °C) and delivered the desired product
3a in 72% yield within 12 h. For entries 4—16 (cf. Table S2), it
should be noted that 1 equiv of H,O was used as a reagent.
Among the solvent mixtures checked, EtOH + PEG-400 system
gave better yield of the product. Thus, the best reaction
conditions were: 1a (1.0 equiv), NaN; (2.0 equiv), and H,0 (1
equiv) in PEG-400 solvent at rt for 12 h.

As can be seen from Schemes 3 and 4, the substrate scope for
both the reactions is excellent. Both electron-donating (2a—b,
2e; 3a—b, 3e) and electron-withdrawing groups (2c—d; 3c—d)
on sulfonyl attached benzene ring gave good yields, and electron
withdrawing groups (—Cl, —Br) marginally reduced the yield.
The presence of bulky 1,3,5-triisopropyl-phenyl group on
sulfonyl is well-tolerated, affording the desired product 2f or 3f
in decent yield. The reaction using diverse substituents on alkyne
attached aryl group of the epoxy ynamide was very clean and
afforded 1,3-oxazines 2i—n in 64—83% yields and 1,4-oxazines
3i—n in 52—70% yields in a highly regioselective manner. Epoxy
ynamide 1p with a 2-pyridyl motif attached to the alkyne also
produced a good yield of the cyclized product 2p. The structures
of the ring expansion products 2a, 20, 3f, and 3g were confirmed
by single crystal X-ray diffraction (Figures S1—S4).

In a control experiment, the ring expansion reaction of alkyne-
free epoxy sulfonamide 4 in the presence of the base KO'Bu (2
equiv) in THF (2 mL) led to product § in 46% yield (Scheme
5a). This part is consistent with a literature report.” The reaction
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Scheme 3. Atom Economic Synthesis of 1,3-Oxazines (2a—p)
from Epoxy Ynamides (la—p)“
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“Standard conditions: epoxy ynamide (0.3 mmol) in THF (2 mL) and
KOBu (0.6 mmol) at rt for 1-2 h. Isolated yields are given in
parentheses.

of epoxy ynamide la with LDA or n-BuLi at —78 °C for 0.5 h
resulted in isomeric allyl alcohols (E + Z)-6 (ca. 95% purity;
Scheme Sb); at 0 °C and above, the reaction gave a complex
mixture. Thus, the base abstracts a proton from the carbon atom
adjacent to the nitrogen atom of epoxy ynamide 1a resulting in
carbanion I that undergoes epoxide ring opening, initially
affording allyloxide anion I', which may be in equilibrium with I”

(Scheme Sc and Scheme S1). A sunllar E/ Z equlhbrlum is
proposed in a reaction of N-allyl-ynamides.®” Species I” can be in
resonance with keteniminium species I”.'*™° Subsequent
nucleophilic attack of allyloxide anion at the a-position of
keteniminium species 1" followed by protonation provides the
product 2a via intermediate II. Upon formation of the 2a, more
of I’ may be transformed to I”, which leads to more product.*’

Deuterium-labeling experiment in the reaction of epoxy
ynamide la with NaN; in PEG-400 + D,0O mixture (S:1)
furnished compound 3a’ (Scheme 6a) that exhibited ~80%
deuterium incorporation at the alkenyl C-H position. This result
clearly suggests the key role of water as a proton source in the
cyclization process. Based on this, we propose that initial
intermolecular nucleophilic attack of azide onto the less hindered
side of epoxide group of epoxy ynamide leads to species III
(Scheme 6b and Scheme S2). Subsequent 6-endo-dig attack of
oxide ion on the ynamide results in intermediate IV. Protonation
of IV delivers the cyclized product 3a.

Interestingly, epoxy tethered alkyne substrates 7a—d that
contain NCH,—C=C moiety also underwent isomerization
followed by 6-endo-dig cyclization with sodium azide affording
the 1,4-oxazines 8a—d in good yields (Scheme 7). The azides 3j
and 8b possessing 1,4-oxazine moiety underwent click reaction
readily resulting in the triazolo appended 1,4-oxazines 9 and 10
(Scheme 8). This result proves the structure of 8b. As regards the
reaction pathway, we believe that an intermediate of type V*' that
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Scheme 4. Transition Metal-Free Synthes1s of 1,4-Oxazines
(3a—n) from Epoxy Ynamides (1a—n)“"
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“Reaction conditions: epoxy ynamide (0.3 mmol), NaN3 (0.6 mmol),
H,0 (0.3 mmol), PEG-400 (2 mL) at rt for 12 h. “Isolated yields are
given in parentheses.

Scheme 5. Control Experiments and Possible Pathway for the
Formation of 2a (Similarly for 2b—p)
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Scheme 6. Deuterium-Labeling Experiment and Possible
Pathway for the Formation of 1,4-Oxazine 3a
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is formed by isomerization of the initially formed azido anion
(see Scheme S3 in SI for more details) is involved in this 6-endo-
dig cyclization.
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Scheme 7. Synthesis of 1,4-Oxazines (8a—d) from Epoxy
Alkynes (7a—d)
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Scheme 8. Click Reaction of 3j and 8b with PhC=CH
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In conclusion, we have developed a highly efficient and
expedient way for the regio- and stereoselective synthesis of 1,3-
oxazines in an afom economic approach by a base-assisted
intramolecular 6-exo-dig closure of epoxy ynamides. The main
attractive feature of our methodology is that the ring expansion of
an epoxide is performed in the absence of a transition metal
catalyst. In contrast, 6-endo-dig cyclization of epoxy ynamides
with sodium azide provided highly regioselective synthesis of 1,4-
oxazines. Deuterium-labeling experiment supported the impor-
tant role of water as a proton source. This protocol was further
elaborated to epoxy tethered alkynes. We have also reported click
chemistry of azido substituted 1,4-oxazines. The cyclization of an
epoxide and alkyne has been carried out using an environ-
mentally benign PEG-400 solvent and simple sodium azide as a
nucleophilic source under the transition metal-free conditions.
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