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Abstract:

Literature data on the synthesis and structure of oximes of four-membered heterocycles with one
heteroatom were reviewed. Synthesis of novel heterocycles from oximes of four-membered
heterocycles was described. Biological activity of these oximes was also reviewed.
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Introduction

The oximes of four-membered heterocycles with one heteroatom are widely used as
intermediates in fine organic synthesis. In this review the principal methods for the production of
aldoximes, ketoximes and amidoximes of four-membered heterocycles (such as azetidines,
oxetanes and thietanes) and their derivatives are summarized. The principal methods for the
investigation of structure the oximes of four-membered heterocycles are examined briefly with
due to regard isomerism. The reactions and biological activity of the oximes of four-membered
heterocycles will be examined in the last parts of the review. Among four-membered oxime
derivatives lot of publications and reviews were dedicated to penicillin and cephalosporin
antibiotics (for example, compounds of type 1) '. Therefore, synthesis, reactions and biological
activity of penicillin and cephalosporin derivatives was not included in this review.

This work were carried out in continuation of series of our reviews connected to
synthesis, reactions and biological activity of heterocyclic oximes (such as, furan and thiophene
oximes ", indole and isatin oximes ™, pyridine oximes ", pyrrole oximes d, quinoline oximes
e oximes of five-membered heterocyclic compounds with two " "¢ and three "™ ™ heteroatoms,
oximes of six-membered heterocyclic compounds with two and three heteroatoms 15, "k, oximes of
seven-membered heterocyclic compounds containing one "™ and two heteroatoms ", oximes of

six-membered oxygen heterocycles "' and oximes of three-membered heterocycles mcl).
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This part is the last in series of reviews dedicated to heterocyclic oximes.

1. SYNTHESIS OF OXIMES OF FOUR-MEMBERED HETEROCYCLES

1.1. Synthesis of azetidine oximes
The classical method for the synthesis of azetidine oximes ' is based on the reaction of

corresponding aldehydes or ketones with hydroxylamine hydrochloride (or free hydroxylamine)
in the systems CH,Cl, / n-PrOH ¥, CH,Cl, / DMF V! DMF V", pyridine """ ™, CH,Cl, / pyridine
MeOH / NaOMe *, MeOH / pyridine *', EtOH / pyridine X", Et;N / MeOH *, NaOAc / MeOH
XIV-XVI and KOH / EtOH / H,O XVIL Thus, reflux of azetidin-3-one derivative with NH,OH HCI

in methanol afforded oxime 2 in 74% *".

OH
0 N~
2& NH,OH.HCl/ NaOAc/ MeOH gg
N reflux B
H i
74%

2
The second group of methods of synthesis azetidine oximes is based on the nitrosation of
corresponding heterocycles **'"" in the systems t-BuONO / LDA, LiHMDS or t-BuOK / THF *%,
n-BuONO / NaOMe/ MeOH ** i-AmONO / KNH, **' and i-AmONO / LDA **". For example,
treatment of azetidine (S)-3 with LDA and then with i-AmONO lead to oxime (S)-4 in 60% yield
XX Interestingly, that azetidine ketoester derivative 5 in the system NaNO, / MeCN/ propanoic
acid afforded only side chain nitrosation product 6 in 67% yield **!"

o) HON
1) LDA / THF / hexane /-78°C WO\Q
N OMe
< _Me N, Me OMe

. 2) i-AmONO
0] §1\ ) 0] §i\
Me Bu—t Me Bu_t
3 4
0 0 O O
OBu.t NaNO,/ MeCN / EtCO,H OBu-t
N 220°C N_ NOH
o N OBn 0] OBn
5 6

Antibacterial oxime derivative 8 were successfully obtained in the palladium-catalyzed
Stille-type coupling reaction of stannane 7 and CIC(=NOH)CO,Me **V. Beside this, cyclization
of quinoline oxime derivatives 9 and 10 in the presence of chloroacetyl chloride leads to
azetidine derivatives 11 and 12 in yields up to 58% “*V" **! Finally, photolysis of N-nitroso-
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N-methyl-2-cyclohexene-1-carboxamide (13) under nitrogen gave syn-f-lactam oxime 14 (44%
yield) and the corresponding keto-B-lactam 15 (7%) **V".

OH
N
M
c1” Co,Me
BzPdCI(PPh,), / THF
CO,CH,NO,-p
8
Cl (0]
O OH
N@
N
g NOH N” “NoH
CICH,COCI
9 11
cl
NH O NH O
o)
N N
g NOH @ N" “NoH
OH OH
OH NOH
N /
0
NO /Me
| hv/ PhH N
No S +
Me /N
@] Me
o)
13 14 15

1.2. Synthesis of oxetane oximes
Oxetane oximes ™ (e.g., oxime 17) were obtained in the reaction of ketones (for

example, compound 16) with hydroxylamine hydrochloride in the system NaOAc /EtOH / H,O
XXX
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O NH,OH-HCl/ NaOAc O

Boc—N > Boc—N
EtOH / H,0 / 80°C
O NOH
16 17
1.3. Synthesis of thietane oximes
Thiethane oximes 1,1-dioxide oxime derivative ***' and thietanone oxime ***" was

prepared from corresponding carbonyl compounds and hydroxylamine. For example, heating of
thietanone 18 with NH,OH'HCI in the system KH,PO, / MeOH at 120°C for 12h in autoclave

gives oxime 19 in 90% yield.

S NH,OHHCI/KH,PO, / MeOH g
<>:O > <>:NOH
120°C
18 (E)-19

2. STRUCTURE

One of the most reliable methods for determining of the structure of isomeric oximes of
four-membered heterocycles with one heteroatom is NMR spectroscopy. The "H NMR spectra of
oximes of azetidine "™ *V" XV oxetane *** and thietane ***' have been investigated in details.
Beside this, investigation of both E- and Z-isomers of compound 4 using 'H NMR spectroscopic
method was carried out **". Detailed 'H and >C NMR spectral characteristics of cis-1-(4-
methoxyphenyl)-3-substituted-4-methoxyiminomethyl-4-methylsulfanylazetidin-2-ones were
presented too XM,

IR spectroscopy was also used to study the structure of azetidine oximes

Structure  S-4-tert-butyl  3-tert-butyl-4-methoxycarbonyloxyimino-1-(tosyl)azetidin-2-
carboxylate (20) ***V was confirmed by X-ray crystallographic analysis.

XIV, XV

Me Q
Me _Me
)/ N\O)&\O
Me 74
N\
t-Bu02C Tos
20

3. REACTIONS OF OXIMES OF FOUR-MEMBERED HETEROCYCLES

3.1. Synthesis of O-alkyl derivatives of oximes of azetidine oximes

The principal methods for the preparation of azetidine oxime O-ethers ***V are
condensation of corresponding azetidine carbonyl compounds with alkoxyamines ***V¥XVIL o
reaction of azetidine oximes with alkyl halides ***'*." Penicillin antibiotic intermediate 22 was
prepared from 6-aminopenicillanic acid and oxime derivative 21 in the system Me,SO,Cl / 1-
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Pr,NEt (then aq. Et;N) **. Similar methods were widely used in the preparation of B-lactam
antibiotics ***V.

e

0
| | 0
N 1) Me,SO,Cl / i-Pr,NEt / DMF/-50°C NS
N\_CO,H N S
H Me
2) SN\
SN H)N S¢ Me )Q N—/ "Me
)% \>< N O =
N N—/ Me HN CO,Na
O -

HN
fgo CO,Na fg 0

Cl 38%
21 22

2-(2’-Methyl-2’-vinyl-1-azetidinyl)alkanal O-(trimethylsilyl)oximes (24) were prepared
from O-silyl a—bromo aldoximes 23 and 2-methyl-2-vinylazetidine in methylene chloride at

XLL XLII
room temperature © 7.
Me

)
s "
Br N =
)\/N SiMe i
2N - 0 N
R 0 CCl, / 0°C Me,Si” \N/\(

2) BN R
R =alkyl
23 24

Some methods of synthesis of O-ethers of azetidine oximes were based on the formation
of azetidine ring by cyclization of oxime ether derivatives. Thus, deprotonation of oxime 25 by
LDA leads to Neber-type highly reactive intermediates 27 via .lithio oxime 26. The reaction of
compound 27 with oxime 26 leads to intermediate 28. Removal of an a-proton of 28 with LDA
leads to highly unstable azacyclobutadiene derivative 29. The [2+2] cycloreversion of 29 yields
alkynyl oxime ethers 30 *™"'. Cyclization of oxime derivatives 31 in the presence of K,COs
afforded antibacterial azetidine oxime derivatives 32 *"'V,
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X =H, F; R,.R' = alkyl
31 32

Addition/cyclization reaction of Ts-GlyOBu-t to nitroalkenes 33 in the system LiHMDS /
ZnCl, (then CICO,Me) leads to azetidine oxime esters 34 in 47-52 % yields “**"V. Finally,
kinetics and theoretical study of 4-exo ring closure of carbamoyl radicals to azetidine
benzyloxyaminyl radicals was described in article *".

j.L
o H MeO (|)
N CO_Bu-t
_N__CO,Bu-t T PY CICO,Me N R
R~ Ts - =

LiHMDS / ZnC] 2 N—.,

/ /7

“ T CO,Bu-t

3.2. Transformation of oximes of four-membered heterocycles

Reduction of azetidine oximes to corresponding amino derivatives was realized in
presence LiAlHy4 XLVL XLVH, aluminium reductants / HgCl, / THF / H,O XIX, Ac,O/ AcONa/ H,
/ PtO, XV or H, / PtO, / H,O XXIL Hydrogenation of chiral azetidine oxime 35 in the system
PtO, / EtOAc leads to mixture of isomeric products 36 and 37 XX Oxetane oximes were
reduced to corresponding oxetane amino derivatives by H, / Raney Ni ***.
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59%
36
R=H, Me

Some articles were dedicated to reduction of azetidine oximes to corresponding
hydroxylamine derivatives of azetidine using BHs pyridine ***¥" or BH; THF "

Reductive amidation of azetidine oximes to corresponding azetidine amides were
described in some articles % % XX XLVII Thus, treatment of oximes 38 with Ac,O/ AcONa and
then with H, / PtO, afforded acetamides 39 in yields up to 28% .

AcHN

HON
R’ R
1) Ac,0 / AcONa j/j
X .
o 2) H, / P10, o N
R R
39

38
R, R'=H, CO,Bn, OCH,Ph

Azetidine oxime derivatives were readily converted to corresponding nitriles in the
presence of SeO, in propanol . Beside this, 1-(diphenylmethyl)-azetidine-3-carboxaldehyde
was transformed to corresponding nitrile in 92% yield by treatment with NH,OH'HCI in DMSO
at 80°C. The above reaction proceeded via azetidine 3-aldoxime intermediate *"™.

3,3-Dinitro- and 1,3,3-trinitroazetidines were also prepared from azetidine oximes A1V,
XVIL L M Thys, treatment of N-tosylated oxime 40 with 99% HNOs in refluxing methylene
chloride to produce the desired 1,3,3-trinitroazetidine 41 in yields up to 50% “. Interestingly, that
N-alkylated azetidine 3-aldoximes under similar conditions afforded 3,3-dinitroazetidines **" '

_OH

N O,N_ NO,
(g 99% HNO, / CH,Cl, 2@

I

Y

reflux N

Ts NO2

40 41

Finally, steroidal azetidine oxime derivative 42 in the presence of POCI; or SOCI,
undergoes second-order Beckmann rearrangement leading to nitrile derivative 43 in 70% yield
Ml Stirring of silyl ether 24 with silica gel in methylene chloride at room temperature, followed
by flash column chromatography, afforded desilylated oxime 44 X",
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R

44

3.3. Synthesis of novel heterocyclic compounds from oximes of three-membered
heterocycles

Recent advances in the synthesis of heterocyclic systems from oximes were described in
reviews """ “V. In this chapter specific reactions involving cyclization of oximes of three-
membered oxygen heterocycles will be set out in details.

Reaction of wunsaturated azetidine oximes 45 with phenyselenyl bromide in
dichloromethane at room temperature in the presence of Et;N leads to bicyclic nitrones 46 in 26-
58% yields =¥ "1,

H H o
N\
R N~ 1) PhSeBr / CH,CL, / 1t
N 2) E,N /1t
0 PMP
45

R =H, Me; R' - H, Me, SePh; R"=H, Me, SePh
Intramolecular cycloaddition of unsaturated oximes 44 in the system NaOCl / CH,Cl, at

0°C afforded 4,5’-dihydroisoxazolino[4,3-c]azetidino[1,2-a]-2,5-dimethylpyrrolidines 47 in
yields up to 52% *"'.
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NaOCl/ CH,CL, /t
44 -

47a 47b
R =Me, Bu

Cylization of azitidine ketooxime 48 in the system TiCl; / NaOAc / molecular sieves /
acetone at pH 5 gives lactam 49 in 31% yield **". Alkynyl derivative of azetidine oxime 50 and
phenyselenyl bromide in dichloromethane at room temperature in the presence of Et;N leads to
fused pyridine derivative 51 in 83% yield V.

0 0
1) TiCl / NaOAc / Me,CO
OBu-t > N
o N NOH 2) MS/ CH,Cl, 0) 0
OH t-BuO,C "OH
48 49
H H o
N
N~ 1) PhSeBr/ CH,CL, / 1t
N -
\ 2) Et N /1t
o PMP E
50

4. BIOLOGICAL ACTIVITY OF OXIMES OF FOUR-MEMBERED HETEROCYCLES

4.1. Antibacterial and anticancer activities

Among four-membered oxime derivatives lot of publications and reviews were dedicated
to penicillin and cephalosporin antibiotics (for example, compounds of type 1) '. Therefore,
biological activity of penicillin and cephalosporin derivatives was not included in this review.

-Lactam antibiotics (including simple, not fused azetidine ring) was also widely used in
the treatment of different types bacterial infections *= XVH- XXXV LVILLX ©Apong  these
compounds necessary to mention Aztreonam (52), Carumonam (53), Nocardicin-A (54), as well
as, some new derivatives of -lactam antibiotics 55-58.
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Among non-B-lactam antibcterial agents necessary to mention acridinone oxime 59 "X
and naphthyridine containing oxime derivatives (for example, oximes 32)

XLIV, LXI

= Q Sy

O
59

R =H, alkyl; R" = alkyl, O-alkyl

Beside this, azetidine oximes were used as intermediates in the synthesis of MEK kinase

LXII

inhibitors. These compounds were used in the treatment of proliferative diseases and cancer .

4.2. VLA-4 antagonists

Azetidine oxime derivatives 60 are tested as VLA-4 (very late activating antigen-4, o,

CD49d/CD29) antagonists. These compounds plays important role in inflammation by
promoting leukocyte attachment and extravasation from the vasculature into peripheral tissues
X1

H H
iy NVCOzH
N \ —'f MeO
| N =
/O N
S/
\ OR O
0]
MeO
60
R =H, Me
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