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ABSTRACT
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N-Tosyl-3-halo-3-butenylamines underwent efficient Ullmann-type coupling with the catalysis of Cul/

2-alkylideneazetidines, which could be readily converted to the corresponding

N,N'-dimethylethylenediamine to afford
P-lactams by oxidation with O 3.

Small-ring nitrogen heterocycles are of considerable interest
not only because of their wide use as important synthetic
intermediates but also because of their biological activities
such as antibiotic properties. Among them, the four-
membered azetidine series, especially azetidin-2-ofies (
lactams), has gained enormous attentiddowever, the
formation of a four-membered ring system is difficult mainly
because of the DunitzSchomaker strain, which is significant
in four-membered rings but does not exist in three-membered
rings? Despite the significant progress achieved in this field,
the development of convenient, general, and synthetically
useful methodologies for azetidines is still highly desirable.
The formation of aryl C-X bonds (X= 0, S, N, etc.) via
copper-catalyzed Ulimann coupling between aryl halides and
heteroatom-centered nucleophiles has received considerabl
attention in the past few yeatsThe high stability and low

palladium-catalyzed processeBy the appropriate combina-
tion of copper source, ligand, base, and solvent, these
coupling reactions have been developed to include a wide
range of substrates under mild conditiérighis methodology
was successfully extended to vinylic-&X bond formation
and found important application in natural product synthesis.
However, to the best of our knowledge, no copper- or even
palladium-catalyzed €N bond formation via a four-
membered ring closure has been repoft¥de were moti-
vated to explore this possibility owing to our interest in the
copper-catalyzed intramolecular vinylatibrlerein, we wish
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be a useful complement to the more extensively investigated
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to report that the copper-catalyzed Ullmann-type coupling || |

of N-tosyl-3-halo-3-butenamines provides an extremely ef- 10 1 Optimization of the Synthesis &a from 5a

ficient entry to 2-alkylideneazetidines and, by subsequent

oxidation with Q, to -lactams.
We first chose 3-chloro-3-butenylamings4, and5a as

the substrates. These compounds could be readily prepared

from the commercially available 2-chloroallyl chloridéby
zinc-mediated condensation with benzaldehyde (to give
followed by Mitsunobu reactions (Scheme 1). We then

Scheme 1. Synthesis of Substrat&a, 4, and5

1. PPh3, DEAD
phthalimide

Cl Zn/PhCHO  Cl OH 2. NyH,*H,0 Cl NH,

Cl

Ph Ph

90% 60%

1. PPh;, DEAD
TsNHBoc
2. CF3;COH

90% (Boc),0 | 90%

Cl  NHTs Cl  NHBoc

Ph
5a 4

Ph

subjected them to the treatment of a typical Ullmann coupling
condition: Cul (20 mol %),N,N-dimethylglycine hydro-
chloride (-1, 40 mol %), and G£0O; (2 equiv) in dioxane,
respectively. The mixture was refluxed for 15 h. No reaction
was observed for aming For Boc-protected amidé only

a trace amount of the desired prodictould be detected.
To our delight, when sulfonamid&a was used as the
substrate, the expected prod8atwas achieved in 35% yield
(Scheme 2).

Scheme 2. Copper-Catalyzed Cyclization & 4, and5a
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We then conducted a brief optimization of reaction
conditions forba, and the results are summarized in Table

entry® ligand® base time (h) yield (%)°
1 - CSZCOS 15 0
2 L-1 Cs2CO3 15 35
3 L-2 CSzCOg 15 5
4 L-3 Cs2CO3 15 <5
5 L-4 Cs2CO3 15 27
6 L-5 CSZCO3 2 99
7 L-5 KsCO3 2 99
8 L-5 KsPOy 2 87
9d L-5 CSzCOg 15 9

a8 Reaction conditions:5a (0.3 mmol), Cul (0.06 mmol), ligand (0.12
mmol), base (0.6 mmol), dioxane (10 mL), refli’d.-1: Me;NCH,CO,H*
HCI. L-2: L-proline.L-3: 2-aminoethanol-4: 1,10-phenanthrolind.-5:
N,N'-dimethylethylenediaminé.lsolated yield based ofa. ¢ The reaction
was run at 8CC.

1. The choice of ligand proved to be critical to the coupling
(entries 6, Table 1). Without the aid of a ligand, no
reaction occurred (entry 1, Table 1). Among the frequently
used ligands screened-{ —L-5), N,N-dimethylethylene-
diaminelL-5 gave the best performance. The reaction was
clean and fast wheh-5 was used as the ligand, and the
product8a was achieved in almost quantitative yield (entry
6, Table 1). No intermolecular coupling products could be
detected. Interestingly, no significant difference was observed
when the base was switched from,C6; to K,CO; or
KsPOy (entries 6-8, Table 1). Lowering the temperature to
80 °C resulted in a much slower reaction (entry 9, Table 1).
As a comparison, under the optimized conditions (entry 6,
Table 1), amidet afforded the product in 55% yield and
amine3 remained unchanged. These different reactivities are
in parallel with the acidities of the NH protons in the
substrates.

We then prepared a number Nf(3-halo-3-buten-1-yl)-
sulfonamide$a—k and carried out their cyclization reactions
under the catalysis of Cul. The results are summarized in
Table 2. With the bromo analogue &, vinyl bromide5b,
as the substrate, the reaction could be performed under much
milder conditions (entry 2, Table 2). The reaction was
complete at a lower temperature within a shorter time (1 h)
with the use of less Cul. With vinyl iodidef as the substrate,
the reaction took place even at room temperature. When the
temperature was raised to 40, the reaction was complete
within 2 h and the produdsf was obtained in 94% vyield
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all underwent cyclization smoothly to afford the expected
2-alkylideneazetidines in excellent yields. Moreover, the
configuration of the &C double bond was nicely retained
as evidenced by the reactionsSjfand 5k (entries 10 and
11, Table 2).
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Table 2. Synthesis of Azetidine8

Cul  temp./time yield
entry  substrate (Mol%)  (°C / hy2 product (%P
Cl  NHTs NTs
1 NPh 5a 20 100/2 8a 99
Ph
Br NHTs
2 4;L\V/l\Ph 5b 10 68/1 8a 99
Cl NHTs
NTs
3 /\/kp 5¢ 20  100/2 \l\_k 8 g9
' Pr
Br NHTs
4 NPr 5d 10 68/1 8c 99
Br NHTs
NTs
5 /\/KMese 10  68/1 h 8e 99
Me
| NHTs \‘ NTs
6 N 5f 10 40/2 8f 94
Cl  NHTs NTs
7 /L\H 5¢ 20 100/5 8g 99
Cl  NHTs NTs
8 /l‘>« 5h 20 100/3 8h 99

68/6

Br NHTs C5H11
10 = 5i 20 68/3 86
CsHy1 ! 8
CsHqq
1 Br NHTs N\
CoHi S 20 68712 NTs 89
5k 8k

2100 °C and 68°C refer to the refluxing temperatures of dioxane and
THF, respectively® Isolated yield based o8.

five-membered ring, could be favorable sterically and
thermodynamically.

The convenient synthesis of 2-alkylideneazetidines as a
unique class of strained cyclic enamines should have
important applications in organic synthesis, although little
is known of their chemistry because of their difficult
preparatiorf. As an example, we show here that these
compounds could be readily converted to the corresponding
pB-lactams in high yields by a conventionak ©xidation
procedur@ (Scheme 3).

Scheme 3. Synthesis off-Lactams10—-15
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Thus, the above Ullmann couplingxidation processes
constitute an efficient and general entry to the synthesis of
B-lactams'®
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