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ABSTRACT: A simple and robust one-pot nucleophilic addition—ring 0 . LONu

contraction of a-bromo N-sulfonylpyrrolidinones has been achieved toward Br N-SO2Ar KaOQx (16080
a-carbonylated N-sulfonylazetidines. In the presence of potassium

carbonate, various nucleophiles, such as alcohols, phenols or anilines, have rR? R
been efficiently incorporated into the azetidine derivatives. Moreover, the a-
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bromopyrrolidinone precursors could be selectively obtained in good yields
by monobromination of cheap and easily available N-sulfonyl-2-pyrrolidinone derivatives.

Azetidines have received little interest compared to their
three- or five-membered homologues, but a significant
reversal has occurred since the 90s, probably due to the isolation
of various natural products bearing this motif and to the roles
they exhibit in a variety of pharmacologically active compounds
(Figure ).
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Figure 1. Selected natural products or non-natural bioactive compounds
containing the azetidine motif.

Analogue to proline, the azetidine-2-carboxylic acid (Aze) and
its reduced form are often present in bioactive compounds. For
example, naturally occurrmg antibiotic polyoxins® and side-
rophore mugineic acid® contain the Aze motif, while
sphingosine-type penaresidin derivatives* and penazetidine®
contain its reduced form (Figure 1, top) Aze can also be
found in HCV NS3 protease inhibitors,® as well as in agonists of
Takeda G-protein receptor S (TGRS) associated with diabetes,
metabolic syndrome, and autoimmune disease (Figure 1,
bottom).” The corresponding azetidinyl methanol derivatives,
such as tebanicline or the improved version,® have been, e. g,
introduced as neuronal nicotinic acetylcholine receptor
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(nAChR) selective agonists for treating central nervous system
disorders, especially depression.

The incorporation of azetidines, especially Aze derivatives, in
numerous drug-like compounds has stimulated a strong
synthetic demand for convenient access to such small hetero-
cycles. Few routes have been set up, among which ring closures
involving intramolecular alkylation of the amine by nucleophilic
substitution remain the most common."” Nevertheless, reliable
routes to such a motif remain elusive.

Involved in the study of metal-catalyzed rearrangements of
certain heterocycle derivatives,'® we needed to develop a rapid,
reliable, and scalable synthe51s of azetidines. Besides a general
synthesis of N-aryl azetidines,"" we also looked for access to Aze
derivatives, and we report here the development of a two-step
sequence allowing the scalable synthesis of substituted a-
carbonylated azetidines from cheap or easily available N-
protected pyrrolidinones (Scheme 1).

Although ring expansion of azetidines to pyrrolidines is
known,? it looks like the reverse ring contraction has been so far
unexplored. We thus reasoned that a-bromo 2-pyrrolidinones,

Scheme 1. Planned Synthesis of a-Carbonylated N-
Sulfonylazetidine Derivatives
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readily obtained by bromination of pyrrolidinones, could be
opened by nucleophiles leading to a-bromocarbonyl derivatives
bearing a y-amide anion, which would directly cyclize by
displacing the a-bromide via a Sy2 process (Scheme 1). This
would lead to the formation of a-carbonylated azetidines through
a one-pot ring opening—ring closing reaction in the presence of
nucleophiles. In order to enhance the electrophilicity of the
amide and to get some stabilization of the intermediate anion, we
selected N-sulfonyl derivatives as starting materials.

Prior to embarking on the azetidine formation by ring
contraction, our efforts focused on the selective monobromina-
tion of N-sulfonylpyrrolidinones 1, easily available from cheap 2-
pyrrolidinone derivatives. With almost no precedent in the
literature for such type of compounds,13 we started with classical
conditions using strong bases such as LDA or LIHMDS and N-
bromosuccinimide (NBS) as electrophilic bromine source.
Under such conditions, we always obtained the monobromi-
nated products 2 in good to modest yields (see Supporting
Information), but along with significant amount of dibrominated
compounds (>5%). Besides diminishing the yields, this presence
greatly complicated the purification step. To tackle this problem,
we thought that in situ generated silyl enol ether in the presence
of trimethylsilyl trifluoromethanesulfonate (TMSOTf) and
triethylamine, followed by NBS trapping, would selectlvely
afford the expected @-monobromo sulfonylpyrrolidinones 2."*
Indeed, by carefully adjusting reaction time and temperature (see
Supporting Information), we were able to form only the
monobrominated compounds 2a—h with excellent yields, even
on large scale (up to 30 g) starting from various N-sulfonyl-
pyrrolidinones 1 (Scheme 2). Moreover, interesting diastereo-

Scheme 2. Synthesis of a-Bromo N-Sulfonylpyrrolidinones 2
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benzenesulfonyl; ¢ Ns = p-nitrobenzenesulfonyl; ¢ The
major diastereoisomer is represented

meric ratios in favor of the trans isomers were obtained for
substrates 2e,f,h. It is worth mentioning that all compounds were
crystalline solids and that reported yields were based on a single
recrystallization of the crude reaction.

We then screened various conditions to efficiently produce N-
sulfonylazetidines with the unsubstituted a-bromo N-tosylpyr-
rolidinone 2a as the model (Table 1). Rewardingly, the reaction
with sodium methoxide (1.3 equiv) in methanol at 60 °C
provided N-tosyl azetidine 3a in high yield (Table 1, entry 1),
along with traces of the linear intermediate 4a. Increasing the
amount of base did not improve the yield (Table 1, entry 2), but
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Table 1. Screening of Reaction Conditions for the Formation
of @-Methyl N-Tosylazetidine Carboxylate 3a from 2a

o]
o)
conditions?
Br\dN/Ts Bl . (N>_< " CO,Me
i OMe |tsuN  Br
2a Ts 3a 4a®
tem, time yield
entry base (equiv) solvent (°c (h) (%)
1 MeONa(13) MeOH 60 16 8s®
2 MeONa(2) MeOH 60 16 8s”
3 MeONa(3) MeCN 80 2 90
4 Na,CO; (3) MeCN/MeOH (9:1) 60 16 c
5  K,CO;(3)  MeCN/MeOH 60 3 97
(9:1)
6  Cs,CO;(3) MeCN/MeOH (9:1) 60 3 74°
7 KCO;(3)  MeCN/MeOH (9:1) it 88
8 K,CO, (3) MeCN/MeOH 60 16 95
(20:1)
9  DBU?(LS) MeCN/MeOH (9:1) rt 2 9
10 MeCN/MeOH (9:1) 60 16 c

“C = 0.2 mol/L. “Intermediate 4a was observed as trace (<5%) on the
crude 'H NMR spectrum. “No conversion. “1,8-Diazabicyclo[5.4.0]-
undec-7-ene.

the reaction performed in acetonitrile with an excess of MeONa
gave complete conversion within 2 h at 80 °C, leading to 3a in
90% yield (Table 1, entry 3). Interestingly, less basic conditions,
ie, excess of potassium carbonate in acetonitrile—methanol,
quantitatively gave 3a (Table 1, entry S), the sodium or cesium
analogues being either not or too reactive (Table 1, entries 4 and
6 vs 5). As suspected, the reaction performed at room
temperature was slightly less effective, providing some remaining
intermediate (Table 1, entry 7). Decreasing the nucleophile
amount (S equiv MeOH) did not significantly affect the yield, but
alonger reaction time was needed (Table 1, entry 8 vs S). Various
other mild bases, such as triethylamine, 4-(dimethylamino)-
pyridine, pyridine, 1,8-diazabicyclo[5.4.0]undec-7-ene were also
examined, but only the latter afforded complete conversion along
with excellent yield, even at room temperature (Table 1, entry 9).
Nevertheless, we selected as best conditions the use of K,COj, as
base, since the azetidine 3a can be obtained pure by simple
filtration (Table 1, entry S vs 9). Control experiment confirmed
that the presence of base was essential for such transformation
(Table 1, entry 10).

With these conditions in hand, we then examined the scale-up
of the reaction and the possibility of using other nucleophiles
(Table 2). Performed on a multigram scale (>15 g of 2a) with 10
equiv of methanol, the reaction smoothly proceeded without loss
of yield (Table 2, entry 1 vs Table 1, entry S). Interestingly,
various other primary alcohols, such as pentyl, benzyl, allyl, or
propargyl alcohols reacted very well, leading to the correspond-
ing ar-azetidinyl esters 3b—h in good to excellent yields (Table 2,
entries 2—7). Phenol was also well tolerated as nucleophile in the
ring contraction (Table 2, entry 8). However, more hindered
alcohols, such as isopropanol, were less effective in promoting
the ring contraction, and only low conversion was achieved even
after 24 h (Table 2, entry 9). Amines or thiols were then screened
as potential nucleophiles. With benzyl amine only a small amount
of the expected N-tosylazetidine 3j was formed along with
degradation products (Table 2, entry 10). Interestingly,
switching to aniline derivatives restored high yields despite
increased reaction times (Table 2, entries 11—13). With benzyl
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Table 2. Screening of Nucleophiles in the Ring Contraction of
a-Bromo N-Tosylpyrrolidinone 2a

o] NuH o)
Br\dﬁl _1s KoCO;3 (3 equiv) (N>—{N
a, I u
S MeCN, 60 °C Ts  3a-n

“Performed on 0.05 mol. “Reaction run at room temperature to avoid
degradation. “Estimated yield by "H NMR spectroscopy. dDegradation
occurs leading to unidentified byproducts. “Only debrominated N-
tosylpyrrolidinone was isolated (85%).

thiol as nucleophile, only dehalogenation of the starting a-bromo
pyrrolidinone was observed (Table 2, entry 14)."

The reaction scope was then briefly explored by submitting
various substituted a-bromo N-sulfonylpyrrolidinones 2b—h
(see Scheme 2) to our selected best conditions with methanol as
nucleophile (Table 3). Other sulfonyl groups, such as p-
methoxybenzenesulfonyl or nosyl, which are more easily
removable than the tosyl group,'® were perfectly compatible
with our conditions, as showed by the quantitative formation of
the azetidines Sb and Sc, respectively, from substrate 2b and 2c at
60 °C using 3 equiv of K,CO; (Table 3, entries 1 and 2). The ring
substitution (R' and R% Scheme 1) was then evaluated with
compounds 2d—h. Despite high steric bulk, the formation of the
2-azaspiro[3.5]nonane derivative Sd from compound 2d was
very efficient (Table 3, entry 3). However, the ring contraction of
pure trans-2e did not afford the expected azetidine at 60 °C due
to degradation, while the open intermediate 4e could be isolated
at room temperature using a lower amount of K,CO; (Table 3,
entry 4 vs 5). In contrast, under the same milder conditions, the
bicyclic pure trans-2f gave the expected azetidine 5f in high yields
(Table 3, entry 6). Keeping these mild reaction conditions
avoiding degradation, the azetidines 5g and the homochiral trans-
Sh were obtained in high yields from, respectively, the
inseparable mixture of trans- and cis-2g and the homochiral
pyrrolidinone derivative trans-2h, synthesized in few steps from
L-pyroglutamic acid (Table 3, entries 7 and 8). It is worth noting
that erosion (from 1:0 to 2:1 or 7.3:1) or improvement (from
1:1.7 to 1:3.7) in diastereomeric ratios compared to the starting
materials was observed depending on the starting pyrrolidinones.

To better understand the stereochemical outcome of the
reaction, we studied the effect of the base used in the
rearrangement of 2h (Scheme 3). Starting from a mixture of
the two diastereomers, enriched in cis isomer (trans/cis = 1:1.6),
we observed the slow epimerization (compared to the ring
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Table 3. Synthesis of Various a-Methylester N-
Sulfonylazetidines §

(0] R?
Br N-SOZAr K,CO5 i )\ @]
MeCN/MeOH N OMe
B (©:1) SOAr
2b-h 5b-h
entry pyrroli- KiCO; temp time azetidine yield,
dinone  equiv  (°C) (h) dr®
o
1 2b 3 60 3 W e Sb 98
I\Idbs
(e}
2 2 3 0 3 XK. sc 98
Ns
3 2 3 60 3 %«D 5d 95
N OMe
Ts
-+ trans-2e 3 60 3 19"
otes
A COMe 4e
TsNH Br 71
5 trans-2e 1.5 rt 3
1:0
NP 87
6 trans-2f 1.5 rt 60 (\(H 5f
':‘ OMe 2:1
Ts
. NSl 88
7 2 Ls ot 4 ?ﬁm % yan
5
o
8 trans-2h 1.5 rt 2 CN#\ OMe  5h 75;6_1

PN,
ortes ¢

“Isolated yield in % and diastereomeric ratio of trans and cis products.
bDegradation occurs leading to unidentified byproducts. “Reaction run
of an inseparable 1:1.7 mixture of trans and cis stereoisomers.

Scheme 3. Diastereoselectivity Studies on the Rearrangement
of Enantiopure trans-2h and cis-2h
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contraction) of the a-bromo sulfonylpyrrolidinone in favor of the
trans-product in the presence of K,CO; at room temperature
without nucleophile (trans/cis = 3.1:1 after 4 h of stirring).
However, under the same conditions, the azetidine product Sh
did not epimerize even after a prolonged contact time. We then
independently engaged the pure trans-2h or cis-2h diastereomers
in the ring contraction reaction with an excess of methanol. As

dx.doi.org/10.1021/015029496 | Org. Lett. 2014, 16, 6104—6107



Organic Letters

expected for a S\2 process, the trans-2h afforded the trans-Sh in
an excellent 7.3:1 diastereomeric ratio (dr) with 1.5 equiv of
K,COj in only 1.5 h. In contrast, the pure cis-2h furnished the
trans-azetidine as the major isomer (S.1:1), but after 10 h of
reaction. This result revealed that the ring contraction is much
faster for the substrate trans-2h and that the cis isomer evolved
after epimerization to its trans isomer. Surprisingly, with cesium
carbonate at 40 °C for 6 h, the trans-2h afforded the cis-Sh with a
1:6 dr. Suspecting product epimerization, we performed a
control experiment that effectively demonstrated that the
azetidine trans-Sh (7.3:1 dr) isomerized in such conditions,
giving the more stable cis-Sh in a 1:12 ratio. It is worth noting that
in all reactions quantitative conversion in favor of azetidines Sh
was observed by "H NMR monitoring,

In conclusion, we have developed a short and very efficient
three-step sequence toward the formation of a-carbonylated N-
sulfonylazetidines from cheap 2-pyrrolidinones. As a key step, the
highly efficient one-pot nucleophilic addition—ring contraction
reaction tolerated various alcohols or anilines as nucleophiles.
Starting from substituted a-bromo N-sulfonylpyrrolidinones,
both diasteroisomers can be obtained in an excellent ratio
depending on the base used in the ring contraction. Further
investigations to apply these azetidine building blocks in total
synthesis are ongoing in our laboratory.
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