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ABSTRACT: The ring expansion of 2-ester-2-aryl-azetidine carbamates can be achieved using Brensted acids to form 6,6-disubsti-
tuted 1,3-oxazinan-2-ones. The reaction is rapid at room temperature with Boc or Cbz derivatives, and proceeds with excellent yield
(up to 96%) and broad substrate scope. Derivatives of drug compounds and natural products are incorporated. The combination of
this ring expansion in a 3-step N—H insertion/cyclization/expansion (NICE) sequence is applied to directly access medicinally relevant

scaffolds from acyclic precursors.

Small, strained heterocycles, such as aziridines or epoxides,
are often utilized in the synthesis of complex, larger heterocy-
clic frameworks.' The ring expansion of aziridines is particu-
larly common to build molecular complexity.> For example, the
ring expansion of carbamate protected aziridines yields 5-mem-
bered oxazolidine-2-ones as first developed by Tomasini (Fig-
ure 1A).2 On the other hand, the use of 4-membered azetidines
for ring opening and ring expansion is much less developed,**
and there remains considerable potential for novel transfor-
mations. The strain of the azetidine ring is comparable to the
strain of the aziridine ring (105 kJ mol™ vs. 113 kJ mol™),® yet,
the reactivity of an azetidinium ion to ring opening has been
shown to be 1.7 x 10* times slower than aziridinium ions.” Azet-
idines therefore present highly tractable building blocks be-
cause of their predisposition to ring opening reactions yet rela-
tively low reactivity, even when activated.®

While ring expansion of N-acyl aziridines and aziridine car-
bamates has been well-explored, the analogous ring expansion
of azetidines remains unprecedented.”'® This process on azet-
idines would afford 1,3-oxazinan-2-ones, interesting scaffolds
within natural products and pharmaceuticals (Figure 1B). They
have been utilized as the core scaffold in anti-HIV,!! antidia-
betic,' anti-inflammatory'® and anti-cancer'* compounds.

A. Ring Expansion of Aziridines (ref 3b)
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B. 1,3-Oxazinan-2-one Scaffolds in Biologically Active Compounds
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C. Ring Expansion of Azetidines (This work)
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Figure 1. A) Ring expansion of aziridines. B) 1,3-Oxazinan-2-ones
and their application in medicinal chemistry. C) Ring expansion of
azetidines to oxazinan-2-ones. NICE = NH Insertion/Cycliza-
tion/Expansion.



They are also used as intermediates in synthetic chemistry,' in-
cluding in the synthesis of drug compounds and natural prod-
ucts.'®

Numerous synthetic approaches have been used to access
monosubstituted 1,3-oxazinan-2-ones.!” However, general
methods for the synthesis of disubstituted 1,3-oxazinan-2-ones
remain limited. A notable exception is a formal [3+2+1] cy-
cloaddition of a-isocyanoacetates with phenyl vinyl selenones
and water to afford 4,4-disubstituted oxazinan-2-ones devel-
oped by Zhu."® In 2003, Yao and co-workers demonstrated a
Lewis-acid promoted ring opening of an epoxide by a carba-
mate protected amine to form a 6,6-disubstituted 1,3-oxazinan-
2-one, though this was limited to 6-methyl substitution and was
not fully exemplified.'” New general syntheses of disubstituted
1,3-oxazinan-2-ones, particularly, of 6,6-disubstituted exam-
ples, remain of high utility. During the preparation of this man-
uscript, Johnston developed the capture of CO, by dialkyl
amines to form 6,6-disubstituted 1,3-oxazinan-2-ones.?

Here we report the ring expansion of azetidine carbamates to
give 6,6-disubstituted 1,3-oxazinan-2-ones in high yields using
Bronsted acids (Figure 1C). This is the first example of this type
of ring expansion reaction with azetidine substrates. The prod-
ucts can be accessed either from the isolated azetidine orina 3
step sequence from the diazo compound. Further elaboration of
the 1,3-oxazinan-2-one scaffolds demonstrates their utility as
fragments for medicinal chemistry.

We recently reported a one-pot N-H insertion/cyclization
strategy for the synthesis of 2,2-disubstituted azetidines, pyrrol-
idines, piperidines and azepanes.?' As part of this work com-
pound 1 was prepared, aiming to Boc deprotect to afford a novel
azetidine fragment compound (Scheme 1). However, treatment
of 1 with TFA afforded oxazinanone 2 as the major product in
43% yield. Notably, the new ring system retains the densely
functionalized fully substituted carbon center of the starting ma-
terial.

Scheme 1. Initial hit reaction for the ring expansion of
azetidine 1.
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Given the interest in this ring system, a range of acids and
solvents were tested for the transformation of azetidine 3a to
oxazinanone 4a (Table 1). TFA was the only acid which af-
forded exclusively the ring expanded product, and the reaction
was complete in 1 h (Entry 1). Other acids (HCI, PTSA, CSA)
gave a mixture of deprotection and ring expanded product,
whereas, acetic acid gave no reaction (Entries 2 to 5).22 Stronger
acids (TfOH) or Lewis acids (BF;-OEt,) gave lower yields of
the desired product (Entries 6 and 7). Polar solvents (EtOAc)
prevented any reaction and non-polar hexane afforded a 3.5:1
mixture of 4a:5a (Entries 8 and 9). Toluene gave similar yields
and selectivity to dichloromethane and was selected as a more
environmentally benign solvent. Reducing the equivalents of
TFA to five, the time from 1 h to 30 min, and increasing the
concentration from 0.2 M to 1 M gave an optimized process
with an 87% yield of 4a, which was isolated in 76% yield.

Table 1. Selected optimization for 4 to 6 ring expansion of
2,2-disubstituted azetidine 3a.”

acid (10 equiv) @ ©

micozE‘ ’ (N><002Et
N

X

N~ COjEt

A
t-Buo/g o] ™ \([)]/O
3a 4a 5a
entry acid solvent yield (6
3a 4a S5a  total

1 TFA CH,Cl 0 89 0 89
2 4 M HCI° CH,Cl, 0 22 65 87
3 PTSA? CH,Cl, 14 23 52 89
4 CSA CHCl, 65 4 16 85
5 CH;CO,H CHxClL, 95 0 0 95
6 TfOH CH,Cl 0 49 7 56
7 BF5-Et,0¢  CH)Cl, 0 58 0 58
8 TFA EtOAc 97 0 0 97
9 TFA hexane 0 77 22 99
10 TFA toluene 0 93 0 93
1 TFA toluene 0 94 0 94
12¢ TFA toluene 40 53 0 93
13" TFA toluene 0 87(76) 0 87

@ Reactions on 0.2 mmol scale. ? Yields determined by '"H NMR
spectroscopy relative to 1,3,5-trimethoxybenzene as an internal
standard. ¢ Used as solution in 1,4-dioxane. ¢ Monohydrate.
¢2 equiv./ 5 min. & TFA (5 equiv), 30 min. * TFA (5 equiv), 1 M
concn, 0.5 h.

The scope of the ring expansion reaction was then explored
by changing the azetidine substrates, which were prepared as
previously reported by Rh-catalyzed NH insertion and base-me-
diated cyclization (Scheme 2).2! Oxazinanone 4a was formed in
similar yields from the Boc or Cbz-protected azetidine. From
azetidine 3a, >1 g of oxazinanone 4a was prepared in 66%
yield. Electron donating aromatic rings gave high yields for the
ring expansion reaction (4b and c). terz-Butyl esters were also
tolerant of the acidic conditions and underwent exclusive ring
expansion without significant deprotection. c-Electron-with-
drawing substituents on the aromatic ring were well-tolerated
under these conditions when m-donation was also possible, i.e.
95% yield for oxazinanone 4g. The ring expansion of azetidine
3h derived from the anti-inflammatory agent isoxepac pro-
ceeded in 96% yield. When comparing oxazinanone 4g and 4i,
moving the fluorine atom to the ortho position led to a signifi-
cant reduction in conversion and reduced selectivity between
ring expanded and deprotected product, likely due to an in-
creased influence of o-electron withdrawal from the fluoride. In
the reactions to form oxazinanones 4j and 4k bearing more elec-
tron poor aromatic groups, very low yields were observed with
much higher selectivity observed for the deprotected azetidine.

To avoid competitive deprotection on these more challenging
substrates, the Cbz group was expected to be sufficiently stable
to acid mediated deprotection to allow ring expansion to occur
selectively. Gratifyingly, treating azetidine 9j with TfOH pro-
moted the ring expansion and afforded a 61% yield of 4j. For



the meta-trifluoromethyl group (91) a 27% yield of the oxazi-
nanone product 41 was obtained using TfOH. For azetidine 9m
with a pyridyl substituent only deprotection was observed.”
Scheme 2. Scope of 4 to 6 ring expansion of azetidines to
6,6-disubstituted 1,3-oxazinan-2-ones.
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Next we combined the ring expansion with the synthesis of
the azetidine substrates in one-pot to avoid isolation of the azet-
idine (Scheme 3). A Rh-catalyzed N-H insertion of aryl-ester
diazo compounds followed by a base-mediated cyclization®!
and then direct treatment with acid in one-pot gave the ring ex-
panded product directly. 1,3-Oxazinan-2-ones 4a and 4g were
obtained through this NH insertion/cyclization/ring expansion
(NICE) sequence in 38% and 45% yield respectively from the
corresponding diazo compounds. Comparable yields were
achieved in a telescoped process involving a simple filtration
prior to ring expansion, and this protocol allowed for more fac-
ile purification. The reaction was suitable for scale-up to
3 mmol, generating 290 mg of oxazinanone 4g from acyclic

precursors over 3 steps. Using Cbz protected chloroamine 6, ox-
azinanones 4i and 4k were afforded in 19% and 45% overall
yield respectively. For the ortho-fluoro derivative, a greater
yield was obtained for 1,3-oxazinan-2-one 4i over 3 steps, using
the TfOH acid conditions and the N-Cbz substrate, than com-
pared to the yield obtained in a single step from the Boc-pro-
tected substrate with TFA.

Scheme 3. N-H insertion/cyclization/ring-expansion
(NICE) sequence to synthesize 6,6-disubstituted 1,3-oxazi-

nan-2-ones.’
Rhy(esp), (0.5 mol %)

Ar
o CO,E Benzons 03M) = CO,Et
Cl\/\N)J\OR+ N2:< ~ HN o
i Ar then CsOH'H,0 (2.0 equiv) [~
NBuy4Br (10 mol %) (0]
5 R=tBu  gagik 25°C, 18h da,g,ik
6 R=Bn then One-pot or Telescoped
Cl Cl

o0 0

|/\|°;002Et (ﬁicozEt
HN_ _O HN_ O

(¢} (e} o (¢}
4a, 38%" 4g, 45%P, 43%° 4i, 19%° 4k, 45%°

36%°7

“ Yields over 3 steps. * From 5 (0.5 mmol), addition of TFA
(10 equiv) in one-pot, 25 °C, 1 h. ‘From 5 (0.5 mmol), filter
through silica with CH,Cl,, concentrate, addition of TFA (5 equiv),
toluene, 25 °C, 0.5 h. ¢ 3 mmol scale. ¢ From 6 (0.5 mmol), addition
of TfOH (10 equiv) in one-pot, 25 °C, 0.5-1.5 h.

The combination of the NICE sequence with an initial cross-
coupling to prepare the diazo reagent allowed further demon-
stration of both functional group compatibility of the reaction
sequence and diversification (Scheme 4). Using a method
adapted from a procedure developed by Wang for Pd-catalyzed
coupling of aryliodides to prepare donor-acceptor diazo com-
pounds, more elaborated aromatic substituents could be readily
accommodated.” For example, oxazinanones 4n and 40 were
prepared in 42% and 34% yield respectively over the 4 step se-
quence. Estrone derivative 4p was also prepared, albeit in just
9% yield over 4 steps.

Scheme 4. Synthesis of 6,6-disubstituted 1,3-oxazinanones
through a 4-step Pd-catalyzed cross-coupling/NICE reac-
tion sequence.
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to be a 1:1 mixture of diastereoisomers.



These 6,6-disubstituted 1,3-oxazinan-2-one products provide
different functionalizable vectors for modification in an analy-
sis of structural affinity for a biological target. From oxazi-
nanone 4g, ester hydrolysis to afford carboxylic acid 13 and
subsequent amide bond formation gave 14 in good yields
(Scheme 5). Reduction of the ester with LiAlH4 in the presence
of the cyclic carbamate successfully afforded alcohol 15, which
is an attractive fragment for screening. Alkylation of the nitro-
gen yielded 16 in moderate yield which is a functionalizable
analogue of a biologically active scaffold (c/Figure 1B)."? Cop-
per catalyzed Ullmann coupling of an iodopyridine installed the
aryl group on nitrogen to afford 17.

Scheme 5. Functionalization of 6,6-disubstituted 1,3-oxazi-
nanon-2-one scaffold 4g.
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We propose a mechanism for the ring-expansion reaction in-
volving protonation of the azetidine nitrogen, then C-N bond
cleavage to ring-open the azetidine and form a carbocation in-
termediate. This intermediate would be trapped by the oxygen
from the carbamate group, prior to loss of the carbamate R-
group (¢-Bu or Bn carbocations).? This is supported by the im-
proved yields for the derivatives containing electron-rich aryl
groups, which can stabilize the carbocation. To further probe
this, a sample of enantioenriched Boc-protected azetidine 3a
(>99% ee) was subjected to the reaction conditions which gave
partial racemization in the product oxazinanone (53-65% ee,
presumably proceeding with retention at the stereogenic center;
see Supporting Information for further details). Resubjecting
the product to the reaction conditions showed that it was stable
to racemization. From these observations we propose signifi-
cant carbocation formation, where bond rotation of this inter-
mediate competes with ring closure. This is likely to be depend-
ent on the exact substrate structure, with the electronics of the
aryl moiety and the protecting group employed influencing the
lifetime of the carbocation.

In conclusion, we have developed a novel ring expansion of
azetidine carbamates to afford 1,3-oxazinan-2-ones. The reac-
tion is promoted by acid to form an intermediate carbocation
upon azetidine ring-opening. Both electron-donating and elec-
tron-withdrawing aryl substituents were tolerated in this trans-
formation to form a wide variety of 6,6-disubstituted 1,3-oxazi-
nan-2-ones. We have developed an efficient 3 step NICE pro-
cess for the synthesis of these scaffolds from acyclic precursors.

A simple 4 step sequence to rapidly form functionalizable oxa-
zinanone scaffolds from aryl iodides in 2 reaction-pots has also
been demonstrated.
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