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Abstract A number of 1,4-diaryl-3-methylene substi-
tuted [-lactams, the addition products obtained from
their reactions with N-, S-, and C-nucleophiles, and
diverse related compounds were prepared, and a se-
lection of 43 compounds was screened in preliminary
tests as anti-tumor compounds by using 4 or 5 human
cancer cell lines of diverse origins. Twelve com-
pounds were highly active against all cell lines, 6
showed low activity, 12 no activity, and 13 exhibited
a selective activity against a human small cell lung
carcinoma cell line.

Keywords (-Lactams; Anti-cancer compounds.

Introduction

The (-lactam ring is known as an important struc-
tural part of the highly active and clinically useful
(-lactam antibiotics [1]. Apart from clinical use as
antibacterials, (3-lactams serve as synthons in the
synthesis of other biological active heterocycles [2],
and in many examples the biological activity can be
interpreted as an interaction between the (-lactam
ring and a serine containing enzyme (serine prote-
ase) like elastase [3]. Therefore, the search for clini-
cal useful (-lactams is a growing field of interest.
We have described a number of §-lactam derivatives
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[4] and studied their properties as elastase inhibitors.
During the last decade a few papers were published
reporting on the cytotoxicity and anticancer activity
of B-lactams [5]. Extending our research in this field,
we describe herein preliminary results concerning
substituted (-lactams and some derivatives thereof
and their biological evaluation regarding their activ-
ity against tumor cell lines [6].

Results and discussion

Chemistry

As starting material for most syntheses substituted
(RS)-1,4-diphenylazetidin-2-ones (1) were used.
These were transformed either via the 3-trimethyl-
silyl compounds (2) and their reaction with carbonyl
compounds in the presence of LDA or BuLi or via
the aldols (3, Table 1) obtained by reaction with al-
dehydes followed by dehydration into the substituted
3-methylene derivatives (4, Table 2). These com-
pounds were isolated as mixtures of the E- and Z-
diastereoisomers, and were either separated and the
diastereoisomers or the mixtures were tested.
Compounds 4 allowed nucleophilic additions of
C-, N-, or S-nucleophiles at C-3 of the [-lactam
ring if at least one of the substituents R’ and R” is
an electron withdrawing group, yielding compounds
of the general structure 5 and the oxidation products
6 (Table 3). From a few reactions we obtained dif-
ferent products. When 40 and 4s reacted under iden-
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Table 1 1,4-Diaryl-3-(subst.-a-hydroxybenzyl)-3-lactams and
diverse compounds™

Cpd. R R Mol. formula Mol.  Ref.
weight
3a H CH=CH-Ph C,;4H4yNO, 353.42 [6d]
3b Br 4-02N—Ph C22H17BFN204 453.30 [6d]
3c Br 2-02N—Ph C22H17BIN204 45329 -
7 Co4HoN,04 402.45 [6a]
8 C17HsN,04S 346.41 [6b]
9a H C23H23NO7 425.44 [6C]
9b  MeO C,4H,5NOg 45547 [6c]
10 C24H25N06 423.47 [6C]
11 C24H23BIN203 467.36 —
12 C27H24BrF3N202 545.39 -
13a C34H39N303 537.70 -
13b Ci,H3sN;05 541.65 -
14 Cy5H17N305 319.32 [6c]
15 C27H25N305 471.52 [6C]

* Cpds without a ref. see ‘“Experimental’ of this paper

tical conditions with morpholine, we isolated the
products 11 and 12 formed by an attack of the nu-
cleophile to the carbonyl group and not to the double
bond. The 2-butene derivatives 13a and 13b were
formed from 5l to Sm by an attack of the amine
to the ester group followed by a ring opening with

O
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migration of the amine from the quaternary C-atom
to the lactam carbonyl group. 7 was prepared by
cycloaddition of maleinimide [7a], 8 according to
Ref. [7b], 9a and 9b by epoxidation and 10 by car-
ben addition to the exocyclic double bond [7c]. Two
products, 14 and 15, obtained as rearrangement prod-
ucts from the reaction of 3-methylidene (3-lactams
with hydrazines [7c] were included in the biological
testing.

Biology

With the goal of obtaining information on the poten-
tial antitumor activity of the new compounds, all com-
pounds were tested at a concentration of 20 uM in an
in vitro screening method with the following human
cancer cell lines of diverse origins: 5637 (urinary
bladder carcinoma), RT-4 (urinary bladder carci-
noma), A-427 (lung carcinoma), LCLC-103H (large
cell lung carcinoma), and compounds 4n—4z were
additionally tested against MCF-7 (breast adenocar-
cinoma). The method has been previously described
and validated in [8], and the results are summarized
in Tables 4 and 5. Values are the averages from 2 to
5 independent experiments.
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a R = piperidino
b R = morpholin-4-yl

A first interpretation of the obtained values yield-
ed the following four groups of compounds. No ac-
tivity against all cell lines was found for compounds
3a, 4g, (2)-4j, 4k, 5q, 6b, 7, 8, 9a, 9b, 9b, 10, 14,
and 15 (Table 4); the data in Table 5 also showed no
activity for compounds (Z)-4o, (Z)-4t, (Z)-4u, (Z2)-
4w, and (Z)-4y. We do not intend to continue study-
ing these compounds. A high activity against all cell
lines was exhibited by 3b, 4a, (E)-4n, Sa, 5b, Sc, 5d,
Se, 5y, and 5z (Table 4); a similar result was found in
Table 5 for compounds (2)-4n, (Z2)-4p, (Z)-4q, and,

less clear, (Z)-12. This high activity against all cell
lines might be interpreted as an indication for gener-
al toxicity. The remaining compounds seem to form
the most interesting group, as they exhibited a dif-
ferentiated behavior, i.e., we found growth inhibitory
effects only against one cell line, the small cell lung
cancer line A-427. Compounds (Table 4) (E)-4b,
(Z)-41, (£)-4m, 5f, 5m, 5n, 50, and Su exhibited a
significant effect only against this cell line. A similar
effect was seen for compounds 4u, 4x, (£)-4z, and
(2)-11 in Table 5 in A-427 cells. A fourth group of
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Table 2 1,4-Diaryl-3-(subst. methylene)-3-lactams (4)*

Cpd. R R R Mol. formula Mol. weight Ref.
(Z)-4a MeO CHO H C9H{7NO3 307.35 [6b]
(E)-4b MeO H 1-propenyl CyoH;oNO, 305.38 [6a]
4c H COzCH3 Ph C24H19NO3 369.42 [66]
4d MeO CO,CH; Ph Cy5H, 1 NOy4 399.45 [6e]
4e MeO CO,CH; Me C,o0H19NO4 227.38 [6e]
4f MeO CONHPK Me C25H22N203 39847 —
4g MeO Ph CONHPh C5oH24N>05 460.54 -
4h M€O CONHC6H1 1 M@ C25H28N203 4045 1 -
(2)-4j H Et H C,gH{7NO 263.34 [6e]
4k MeO H 1-pyrrolidinyl C,1H2,N,0, 334.42 [6e]
2)-41 MeO CO,CH; Ph C,5H,y1NOy, 399.45 [6e]
(Z)-4m MeO CO,CH; Me CyoH19NO4 337.38 [4]
(E)—4n MeO H 2—furyl C21H17NO3 331.37 -
(Z)-40 Br 2-furyl H CyoH4BrNO, 380.24 -
(E)-4p MeO H 5-0O,N-2-furyl C,1H;6N>Os5 376.36 -
(Z)—4q Br 5—02N—2—furyl H C20H13BI'N204 42523 —
(Z2)-4r Br 2-thienyl H CyoH4BrNOS 396.30 -
45 Br H 4-F;C-Ph Cy3H;5sBrF;NO 458.27 -
(Z)—4t MeO 4—02N—Ph H C23H18N204 386.40 -
4u** Br H 4-O,N-Ph Cy,H;5BrN>,O3 435.27 -
(E)-4v Br H 5-Br-2-furyl CyoH;3Br,NO, 459.13 -
(Z2)-4w Br 4-Cl-Phe H C,,H,;sBrCINO 424.72 -
4x Br 2-O,N-Phe H Cy,H;5BrN>,O3 435.27 -
(Z2)-4y Br 2,4-di—Cl-Phe H Cy,H 4BrCIl,NO 459.16 -
(Z2)-4z Br 2-Cl-Phe H C,,H,;sBrCINO 424.72 -

* Cpds without a ref. see ‘Experimental’ of this paper. ** E/Z-mixture

two compounds, (Z)-40 and (Z)-4r, showed a mod-
erate growth inhibitory effect against the cell line
5637. Comparing the values of (E)-4n (Table 4) with
those of (Z)-4n (Table 5) one might suggest, at least
in this example, that the (Z)-isomer is the slightly
more active form. In a following paper (in prepara-
tion) one of us will report on potency studies with
detailed ICso values and studies about a possible
mechanism of action.

Experimental

General

Mp Mel-Temp-II Laboratory Devices Inc., USA. IR Spectra:
Perkin-Elmer FTIR 1600; in KBr (cm™!), if not noted other-
wise. NMR Spectra: Bruker WP 80 (80 MHz), DPX 200
(200MHz), WM 400 (400MHz) for 'H and DPX 200
(50 MHz) for B3¢ § (ppm) rel. to TMS as internal standard;
values from DPX 200 (200/50 MHz) spectra in CDCls, if not
noted otherwise. MS: M40 AMD Intectra, EI 70eV. Elemen-
tary analyses: Perkin-Elmer Analyzer 2400 CHN, Pharmazeu-
tisches Institut der Universitdt Greifswald. All compounds
gave satisfactory elemental analyses. Column chromatography
(CC): Silica gel 60 (Merck 7734). HPLC with LaChrom ap-

paratus series 7000 Merck Hitachi, LiChrospher 250-4, RP-18,
5 pm, LiChroCART 250-4 (S,S)-Whelk-O1, 5 um, and DIA-
CEL® ChiraCel® OJ-R™, 5m. HPLC experiments were
done using “MeCN/H,0 (7/3) or ®MeCN/H,0 (4/1) and
detection by UV if not noted otherwise.

THF was stored with KOH, then refluxed with Na and ben-
zophenone, and distilled prior to use. Other solvents were
dried/purified according to literature procedures. LDA (lithi-
um diisopropylamide) was freshly prepared by mixing of
equivalent amounts of freshly distilled diisopropylamine and
n-BuLi (15% in hexane) at —78°C.

Abbreviations: AcOEt=Ethyl acetate; CTMS Chlorotri-
methylsilane; PE Petroleum ether; ar = Aromatic.

The following compounds were prepared according to
literature: (RS)-1,4-diphenylazetidin-2-one (1a) [9], (RS)-
1-(4-Methoxyphenyl)-4-phenylazetidin-2-one ~ (1b)  [10],
(RS)-1-(4-Bromophenyl)-4-phenylazetidin-2-one (1c¢), cis-1,4-
Diphenyl-3-(trimethylsilyl)azetidin-2-one (2a), cis-1-(4-Me-
thoxyphenyl)-4-phenyl-3-(trimethylsilyl)azetidin-2-one  (2b)
[7b], cis-1-(4-Bromophenyl)-4-phenyl-3-(trimethylsilyl)azeti-
din-2-one (2¢) [7h], (Z/E)-3-(Furan-2-ylmethylene)-1-(4-me-
thoxyphenyl)-4-phenylazetidin-2-one (4n) [7b].

Reaction of 2 with carbonyl compounds. General procedure
At —78°C, a solution of 2 in THF (1 cm3/ mmol) was added
drop by drop with stirring to a solution of 2 equivalents LDA
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Table 3 (-Lactams of structure 5*

Ar_ 0 Ar 0] Arg 0 Ar, 0

N CO-OMe N Ph N Me N Ph
Ph-\, ‘co-ome™™ Ny cO-OMePN co-ome™ Ny, CONH-Ph
A B C D

Ar = p-MeO-Ph
Cpd. Structure Nu Mol. formula Mol. weight Ref.
S5a A NH-NH-Ph C,oH3;N30¢ 517.59 [6f]
5b A NH-NH-CO,Me C,5Hy9N3054 499.53 [6¢]
Sc A CH(COzMe)(CHz)ZsME C29H36N2088 572.68 [60]
5d A S—-Ph CoHy9NO6S 519.62 [6¢]
Se A S—-CHMe, C,6H31NO6S 485.60 [6¢]
5f B N(CHM€2)2 C31H36N204 500.64 -
5g B N(CgH; ) C37H44N,0,4 580.77 -
5h B NEt, C,oH3,N,04 472.59 -
Si B pyITOlldll’lO C29H30N204 47057 —
5j C pyrrolidino C,4HoN,0,4 408.50 -
5k B** piperidino C29H30N203 454.57 -
51 B piperidino C30H32N204 48460 —
Sm B 4-morpholino Co9H30N,05 486.57 -
Sn D pyrrolidino C34H33N305 531.66 -
S0 C S-Ph Co6H,5NO,4S 447.56 -
5p B S—-CHMe, CogHyoNO,S 475.61 -
5q B S—-CH,-CH=CH, CysH»7NO,4S 473.60 -
Sr B S—(CHz)z—COzM@ C29H29N0()S 519.62 —
5s C S—(CH,),—CO,Me C,4H»7NO6S 457.55 -
5t B S—CMes CyoH31NO,4S 489.64 -
Su B S—Bu C29H3]NO4S 489.64 -
Sv B Bu C,oH3;NO, 457.57
Sy A NH, Cy3H56N,06 426.47 [6e]
Sz A 4-morpholino C,7H3,N,04 496.57 [6e]
6a A SO,—-Ph CoHy9NOgS 551.62 -
6b B SO,—(CH,),CO,Me CoH29NOgS 551.62 -
6¢ C S02Ph C26H25N06S 479.56 —
6d S SO,—(CH,),—CO,Me C,4H»7NOgS 489.55 -

* Cpds without a ref. see ‘Experimental’ of this paper. ** Ar=Ph

in THF. After 15min, an equivalent amount of the carbonyl
compounds (freshly distilled or a solution in THF) was added
slowly and with stirring. Stirring was continued until the mix-
ture was warmed to room temperature (ca. 1h); a solution of
NH,CI was added until pH 7.5-8 was reached. The organic
layer was separated, the aqueous layer was extracted (2—
3x) with AcOEt, the combined organic layers were dried
(Na,SO,), evaporated in vacuo, and the residue was purified
as noted below.

1-(4-Bromophenyl)-3-[hydroxy(2-nitrophenyl)methyl |-4-
phenylazetidin-2-one (3¢, Cy,H7,BrN,Oy)

From 1.9 g (5§ mmol) 2¢ and 7.5 g (50 mmol) 2-nitrobenzal-
dehyde. Yield 1.3 g (58%); yellow crystals; mp 230°C (dec.,

EfOH); IR: »=3334 (OH), 3036, 2934, 2850 (CH), 1717
(CO), 1589, 1522, 1491 (NO,) cm™!; 'H NMR (DMSO-dg):
§=23.47 (ddd, *J3,,=3.7, 3J34=2.6, >J30n = 0.7 Hz, 3-H),
5.46 (d, 3J45=2.6Hz, 4-H), 5.64 (dd, *J,on =4.8,3J, 3=
3.7Hz, a-H), 6.35 (dd, *Jou . =4.8, *Jon; =0.7 Hz, OH),
7.12-7.31 (m, 7 ar H), 7.50 (dd, >J=6.8, *J=2.1Hz, 2 ar
H), 7.55 (m, 4-H), 7.84 (ddd, >/ =7.8,3J=7.6, *J= 1.3 Hz,
5-H), 7.94 (dd, 3J=8.1, *J=1.3Hz, 3'-H), 8.19 (dd,
°J=7.8, *J=1.3Hz, 6-H) ppm; >*C NMR (DMSO-de):
§=54.86 (C-3), 64.13 (C-4), 65.62 (C—OH), 115.32,
118.54, 124.24, 126.03, 126.98, 127.19, 128.04, 128.75,
128.86, 128.98, 131.92, 132.12, 133.35, 133.62, 136.29,
137.37, 137.66, 146.81 (C-NO,), 164.54 (CO) ppm; HPLC:
RP-18": 1 =1.83 min, k' =4.18, A =331.4nm.
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Table 4 Cell growth relative to untreated controls/% after
application of 20 uM compounds 3a—15 for 96 h

Cell lines
Compounds 5637 RT-4 A-427 LCLC-103H
3a 81 79 10 46
3b 0 -5 -5 3
4a -3 -5 -3 -2
(E)-4b 90 79 —4 74
4g 91 88 56 76
(2)-4j 95 91 52 81
4k 80 93 48 65
(2)-41 56 60 —4 44
(Z)-4m 83 79 8 67
(E)-4n 6 7 1 9
Sa -3 -6 -5 -2
5b -3 —6 -5 -2
Sc -3 -6 -5 -2
5d -3 —6 -5 -2
Se -3 -6 -5 -2
5f 23 41 —4 33
Sm 33 31 —1 31
Sn 54 64 8 42
S50 61 39 2 65
5q 90 50 14 57
Su 26 32 3 44
Sy -3 -8 -5 -3
5z -3 -8 -5 -3
6b 98 74 64 85
7 97 93 81 65
8 107 102 89 90
9a 104 94 81 73
9b 107 87 92 74
10 78 84 42 72
14 93 98 112 90
15 96 97 114 91

Table 5 Cell growth relative to untreated controls/ % after appli-
cation of 20 M compounds 4n—4z, (Z)-11, and (Z)-12 for 96 h

5637 RT-4 A-427 LCLC-103H MCF-7
(Z)4n -2 —11 -2 0 -1
(Z)-40 10 63 67 56 23
2)-4p —4 -9 -4 -3 8
2)4q -3 —14 -4 -3 —14
(Z)-4r 8 85 59 68 74
(2)-4s 64 93 11 76 70
24t 85 85 30 82 56
(Z)-4u 42 85 15 61 54
4u 55 81 8 59 47
Z)-4v 76 47 -1 60 18
24w 63 79 70 83 82
4x 94 88 2 90 53
)4y 72 81 33 81 77
(2)-4z 48 85 8 72 64
@-11 54 78 6 57 27
@12 21 15 -2 1 2

S. Ruf et al.

(Z/E)-1-(4-Bromophenyl)-3-(furan-2-ylmethylene)-4-
phenylazetidin-2-one (40, Co,oH4BrNO,)

From 6 g (16 mmol) 2¢ and 15 cm?® (160 mmol) furfural as 4n.
Ratio of isomers (HPLC) E/Z 1:1. Yield 3.2 g (42%); light
yellow crystals; mp (Z): 206—-207°C (MeOH), (E): 178—183°C
(MeOH); IR: v=13144, 3033 (CH), 1889, 1804, 1724 (CO),
1687 (C=C) cm™'; '"H NMR (2): §=5.37 (d, *J4.» = 1.0Hz,
4-H), 6.24 (dd, *Jo4= 1.0, 3J,rs =0.6 Hz, a-H), 6.50 (ddd,
3.]1:41}:3 = 35, 3]}:4_1:5 = 1.8, 5]1:4,0[ =0.6 HZ, 4—HF), 7.20-7.30
(m, 3—HF, 1 ar H), 747 (dd, 3.]]:5’1:4 = 18, 4]]:571:3 =0.6 HZ, 5-
Hg), 7.30-7.44 (m, 8 ar H) ppm; (E): §=5.66 (d, *Jy,=
1.4Hz, 4-H), 6.35 (dd, 3Jpsp3 = 3.4, 3Jpaps = 1.7Hz, 4-Hp),
6.44 (d, 3J3 ;4 =3.4Hz, 3-Hp), 6.91 (d, *J, 4 = 1.4 Hz, a-H),
7.51 (d, 3Jgs s = 1.7Hz, 5-Hg), 7.15-7.58 (m, 9 ar H) ppm;
13C NMR (2): 6§ =62.44 (C-4), 112.68 (C-4g), 114.72 (C-3p),
116.56 (C-Br), 117.06 (C-«), 118.37, 126.70, 129.02, 129.26,
132.19, 136.45, 136.91, 137.42, 144.13 (C-5g), 150.12 (C-2p),
159.97 (CO) ppm; (E): 6§=64.43 (C-4), 112.24, 112.82
(C-4g), 114.98 (C-3g), 116.43 (C-Br), 117.06 (C-c), 118.41,
126.71, 127.76, 128.82, 12891, 132.12, 136.35, 136.81,
137.78, 144.78 (C-5g), 149.64 (C-2g), 161.96 (CO) ppm;
HPLC (Z) RP-18%: fy=1.79 min, ¥’ = 11.73, Amax = 341.1nm;
RP-18: 7y=1.83min, ¥ =3.43; (E) RP-18": 1, =1.79 min,
K =7.35, Jnax = 333.8 1m; RP-18": 1y =1.83 min, k¥’ =2.36.

(Z/E)-1-(4-Bromophenyl)-3-(5-nitrofuran-2-ylmethylene )-4-
phenylazetidin-2-one (4p, C,1H¢N>Os)

From 1.6 g (5 mmol) 2b and 2 g (14 mmol) 5-nitro-2-furfural.
CC (n-hexane/CH,Cl, 1/1). Yield 150 mg (8%); orange crys-
tals, >90% (Z); mp 180-183°C (MeOH); IR: &= 3113, 2927,
2836 (CH), 1731 (CO), 1610 (C=C), 1582, 1573 (NO,), 1510,
1474, 1380, 1353 (NO,), 1245 (OMe) cm™!; 'H NMR (2):
6=3.76 (s, OMe), 545 (d, *Jy, = 1.1Hz, 4-H), 6.24 (dd,
4oa=11, *Jupy =05Hz, a-H), 6.83 (dd, J=6.8, *J=
23Hz, 2 ar H), 7.32 (dd, 3J=6.8, “7=23Hz, 2 ar H),
7.37 (dd, 3Jrsps =3.9, SJps o = 0.5Hz, 4-Hg), 7.37-7.43 (m,
5 ar H), 7.83 (d, 3JF31F4 =3.9Hz, 3-Hg) ppm; (E): 6 =3.75 (s,
OMe), 5.80 (d, *Jy, = 1.4Hz, 4-H), 6.56 (d, J=3.7Hz, 3-
Hp), 6.80 (dd, J=6.8, “/=2.3Hz, 2 ar H), 6.83 (d, *Jo 4=
14Hz, a-H), 7.23 (d, 3Jpp; =3.7Hz, 4-Hp), 7.31 (dd,
3J=6.8, “*7=2.3Hz, 2 ar H), 7.27-7.40 (m, 5 ar H), 7.63-
7.70 (m, 2 ar H) ppm; >C NMR: (2): § =55.49 (OMe), 62.70
(C-4), 113.79, 114.66, 115.89, 118.60 (C-), 126.62, 129.34,
129.39, 130.77, 135.62, 145.92 (C-25), 152.16 (C-4), 156.82
(C-5p), 158.26 (CO) ppm; (E): § =55.47 (OMe), 64.53 (C-4),
109.12, 113.12, 114.59, 115.42, 118.68 (C-cx), 128.05, 128.92,
129.14ppm; HPLC (Z) RP-18Y: fy=1.78min, k' =5.45,
Jmax = 384.3nm; (E) RP-18Y: o= 1.78 min, ¥’ =3.50.

(Z)-1-(4-Bromophenyl)-3-(5-nitrofuran-2-ylmethylene)-4-
phenylazetidin-2-one (4q, Cy0H;3BrN,Oy4)

From 1.87 g (Smmol) 2¢ and 3.5 g (25 mmol) 5-nitro-2-fural-
dehyde as 4p. CC (n-Hexane/CH,Cl, 2/1). Yield 340 mg
(16%); yellow crystals; mp ca. 250°C (dec., MeOH); IR:
v=23154, 1724 (CO), 1632 (C=C), 1586, 1574 (NO,), 1518,
1489, 1354 (NO,) cm™'; "THNMR: ¢ =5.47 (d, *J4 , = 1.1 Hz,
4-H), 6.29 (dd, *J,4=1.1, 3J, ps = 0.6 Hz, a-H), 7.20-7.30
(m, 5 ar H), 7.34-7.47 (m, 5 ar H, 4-Hy), 7.81 (d, 3Jp3ps =
4.0Hz, 1H, 3-Hg) ppm; °C NMR: § =62.76 (C-4), 113.65,
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114.91, 116.20 (C-Br), 117.64 (C-3p), 118.69 (a-CH), 126.56,
129.53, 129.57, 132.41, 135.12, 136.21, 14526 (C-2puran),
151.75 (C-4), 159.83 (CO) ppm; HPLC RP-18: 1o = 1.79 min,
K =10.76, Amax = 377.0nm; RP-18: 1, = 1.83 min, ¥’ =2.99;
ChiralCel OJ-R™: o= 2.01 min, k" = 4.47, k,' = 4.90.

(Z/E)-1-(4-Bromophenyl)-4-phenyl-3-(thien-2-ylmethylene)-
azetidin-2-one (4r, C,oH4BrNOS)

From 6 g (16 mmol) 2¢ and 14.5 cm’® (160mmol) thiophene-
2-carbaldehyde. First the (Z)-isomer was obtained by crystal-
lization of the residue from propanol, then the filtrate was
evaporated in vacuo, and the residue crystallized from MeOH.
Yield 2.1g (33%); mp (Z) 248°C (Propanol); light yellow
crystals; mp (E) 224°C (MeOH); light yellow plats; IR:
v=3082, 3031, 2962 (CH), 1885, 1725 (CO), 1678 (C=C)
em™'; '"H NMR (2): §=5.38 (d, “Js., = 1.2Hz, 4-H), 6.43
(dd, a-H), 7.06 (dd, 3Jrats=5.1, 3Jps13 =3.7Hz, 4-Hy),
7.20-7.44 (m, 9 ar H), 7.43 (dd, *J1s 14 = 5.1 Hz, 5-Hy), 7.72
(ddd, 3Jr3 74 =3.7Hz, 3-Hy) ppm; (E): §=5.58 (d, “J40 =
1.6 Hz, 4-H), 6.95 (dd, *Js15s =5.1, *Jr4 13 =3.7Hz, 4-Hy),
7.09 (ddd, 3-Hy), 7.20-7.44 (m, 9 ar H), 7.56 (d, *J . 4 = 1.6 Hz,
Hz, a-H), 7.59 (m, 5-Hy) ppm; '*C NMR (2): § =62.48 (C-
4), 116.58 (C-Br), 118.39 (C-a), 122.00, 126.76, 128.09,
129.02, 129.28, 129.66, 131.81, 132.19, 136.52, 136.92,
137.26, 137.72, 160.12 (CO) ppm; (E): §=64.28 (C-4),
116.50 (C-Br), 118.32, 118.39 (C-«), 118.89, 126.76, 127.76,
128.49, 128.53, 129.06, 129.27, 129.43, 129.85, 131.72, 132.12,
132.18, 135.22, 136.63, 136.79, 137.79, 162.12 (CO) ppm;
HPLC (Z) RP-18": fy=1.79 min, k¥’ = 14.76, A = 341.1nm;
RP-18”: 7,=1.83min, k¥ =4.19; ChiralCel OJ-R®: 1,=
1.89min, k' =2.72, k)’ =3.39; (E) RP-18Y: f,=1.79 min,
K =10.70, Amax = 338.6 nm; RP-18": 1, = 1.83 min, k' = 2.86.

(Z/E)-1-(4-Bromophenyl)-3-(4-trifluoromethylbenzylidene)-
4-phenylazetidin-2-one (4s, Co3H;sBrF3NO)

From 1.9g (S5mmol) 2¢ and 6.7 cm® (50 mmol) 4-trifluoro-
methylbenzaldehyde. The residue was crystallized from
MeOH. The first fraction was pure (Z)-isomer, the following
fractions contained mixtures of (E)- and (Z)-isomer, ratio ca.
1:3. Yield 1.2g (53%); colorless crystals; mp (Z) 176.5°C
(MeOH); IR: v=3059 (CH), 1807, 1734, 1720 (CO), 1616
(C=C) cm™'; '"H NMR (2): §=5.41 (d, *J4, = 1.1 Hz, 4-H),
6.32 (m, -H), 7.27 (dd, 2 ar H), 7.35-7.47 (m, 7 ar H), 7.63
(d,*J=8.2Hz, 2 ar H), 8.09 (d, *J = 8.2 Hz, 2 ar H) ppm; (E):
§=5.72(d, *J4,n = 1.5Hz,4-H), 7.18 (d, *Jo 4 = 1.5 Hz, a-H),
7.20-7.57 (m, 13 ar H) ppm; °C NMR (2): § = 62.55 (C-4),
117.16 (C-Br), 118.51, 118.63, 125.51 (CF3), 125.66, 125.73,
126.66, 126.74, 129.22, 129.38, 129.56, 130.13, 130.84,
132.29, 136.15, 136.57, 142.98, 159.69 (CO) ppm; HPLC
(Z) RP-18: 1o=1.69min, K =23.51, Amax = 322.6n1m; RP-
18”: 1, = 1.83 min, ¥’ = 7.56; ChiralCel OJ-R™: o = 2.01 min,
k' =6.79, ky' =7.20; (E) RP-18¥: fy=1.69min, k' =11.61,
UVjnax = 322.6nm;  ChiralCel OJ-R™: 1o=2.01 min, k' =
2.81, ky' =3.64.

(Z/E)-1-(4-Methoxyphenyl)-3-(4-nitrobenzylidene)-4-
phenylazetidin-2-one (4t, Co3HgN>Oy)

From 3.25g (10mmol) 2b and 15g (100 mmol) 4-nitroben-
zaldehyde. Ratio of isomers (HPLC) Z/E 2:1. Yield 1.2¢
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(31%); yellow needles; mp 179°C (MeOH, (2)); IR: v=
3108, 3064, 2934, 2907, 2838 (CH), 1806, 1730 (CO), 1594
(C=C), 1512, 1467, 1382, 1340 (NO,) cm™'; 'H NMR (2):
§=3.76 (s, OMe), 5.41 (d, *Js,=1.0Hz, 4-H), 6.29 (d,
*J,4=1.0Hz, a-H), 6.83 (dd, *J=7.0, *J=22Hz, 2 ar H),
7.34(dd, *J=7.0,%=22Hz, 2 ar H), 7.37-7.47 (m, 5 ar H),
8.16 (dd, *J=6.8, *J=2.5Hz, 2 ar H), 8.23 (dd, *J=6.8,
47=25Hz, 2 ar H) ppm; (E): §=3.75 (s, OMe), 5.73 (d,
4J40=1.4Hz, 4-H), 7.15 (d, *J,4 = 1.4Hz, a-H), 6.75-7.58
(m, 9 ar H), 8.05 (dd, >J=7.0, *J=19Hz, 2 ar H), 8.09 (dd,
3J=7.0,*=19Hz, 2 ar H) ppm; °*C NMR (2): § =55.49
(OMe), 62.59 (C-4), 114.61, 118.59, 123.89, 126.78, 127.27,
127.89, 129.15, 129.34, 130.59, 136.32, 140.11, 145.25,
147.76 (C-NO,), 156.69 (C—-OMe), 158.92 (CO) ppm; HPLC
(Z2) RP-18Y: to=1.79min, K =8.09, /max=363.7nm; RP-
18”: 1,=240min, ¥ =2.07; (E) RP-18": 1,=1.79 min,
K =3.97, Amax = 363.7nm, RP-18: 1y = 2.40 min, K = 1.00.

(Z/E)-1-(4-Bromophenyl)-3-(4-nitrobenzylidene)-4-
phenylazetidin-2-one (4u, C,,H,5BrN,O3)

From 3.74 g (10 mmol) 2¢ and 15 g (100 mmol) 4-nitrobenzal-
dehyde. Ratio of isomers (HPLC) Z/E 2:1. Yield 2.9 g (66%);
yellow crystals; mp 230-233°C (MeOH, (2)); IR: v=3105,
3041, 2936, 2852 (CH), 1807, 1715 (CO), 1598 (C=C), 1520,
1488, 1375, 1343 (NO,) cm™'; '"H NMR (2): §=5.44 (d,
4]0 =1.1Hz, 4-H), 6.35 (d, *J,4 = 1.1 Hz, a-H), 7.23-7.47
(m, 9 ar H), 8.15 (dd, J=6.9, */=23Hz, 2 ar H), 8.24
(dd, *J=69, *J=23Hz, 2 ar H) ppm; (E): §=5.74 (d,
4J40=1.5Hz, 4-H), 7.20 (d, *J, 4 = 1.5Hz, a-H), 7.21-7.57
(m, 11 ar H), 8.07 (dd, >J = 6.9, “J=1.9Hz, 2 ar H) ppm; °C
NMR (Z): §=62.65 (C-4), 117.46, 118.71, 123.92, 126.72,
128.47, 129.37, 129.46, 129.55, 130.68, 132.35, 135.80,
136.38, 139.72, 144.72, 147.97 (C-NO,), 159.32 (CO) ppm;
(E): 6=64.74 (C-4), 117.28, 118.57, 123.43, 123.84, 127.83,
129.90, 129.94, 132.29, 134.82, 139.02, 144.39, 147.87 (C-
NO,), 161.16 (CO) ppm; HPLC (2) RP-18": 1, =1.83 min,
K =6.74, Amax = 346.3nm; RP-18: 7= 1.89 min, k¥’ =2.88;
(E) RP-18": 1o = 1.89 min, K’ =2.37, Ayax = 346.3 nm.

(Z/E)-3-(5-Bromofuran-2-ylmethylene)- 1-(4-bromophenyl)-
4-phenylazetidin-2-one (4v, CyoH3Br,NO,)

From 430mg (1.15mmol) 2¢ and 1g (5.7 mmol) 5-bromfur-
fural. On crystallization from MeOH first the (E)- and then
the (Z)-isomer was obtained. Yield 230mg (44%); yellow
brownish crystals; mp 180°C (dec., (2)); IR: v =3146, 2359
(CH), 1786, 1721 (CO), 1681 (C=C) cm™!; '"H NMR (2):
=537 (d, *Jso=11Hz, 4-H), 6.18 (dd, *Ja=1.1,
5.](,4]:4 =0.6 HZ, Oé—H), 6.43 (dd, 3]]:4_’1:3 = 36, 5-’F4.a =0.6 HZ,
4-Hg), 7.15-7.43 (m, 9 ar H), 7.46 (d, 3.]]:31]:4 =3.6Hz, 3-Hp)
ppm; (E): 6=5.67 (d, *J4, = 1.4Hz, 4-H), 6.28 (d, *Jp3 4 =
3.5Hz, 3-Hp), 6.40 (d, 3JF47F3 =3.5Hz, 4-Hp), 6.79 (d,
4Jo4 = 14Hz, a-H), 7.15-7.62 (m, 9 ar H); '*C NMR (2):
6=62.38 (C-4), 118.38 (a-CH), 152.03, 159.71 (CO) ppm;
(E): 6=64.37 (C-4), 118.45 («-CH), 151.38, 161.55 (CO);
(Z/E): 6=111.53, 114.06, 114.58, 115.99, 116.58, 116.73,
116.81, 116.91, 124.20, 125.56, 126.64, 128.02, 128.88,
128.91, 129.12, 129.30, 132.15, 132.22, 135.85, 136.16,
136.69, 136.76, 137.75, 138.76 ppm; HPLC (Z) (RP-18": 1=
1.83min, ¥ =7.56, Amax=23463nm; (E): (RP-18”: 1,=
1.83min, k¥’ =4.92, A = 343.7nm.
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(Z/E)-1-(4-Bromophenyl)-3-(4-chlorobenzylidene)-4-
phenylazetidin-2-one (4w, C,,H;sBrCINO)

From 1.9 g (5 mmol) 2¢ and 7 g (50 mmol) 4-chlorobenzalde-
hyde. Yield 0.6 g (29%); colorless crystals; mp (Z) 234-235°C
(2-Propanol); IR: 7=3061, 2861 (CH), 1720 (CO), 1633
(C=C) cm™; "HNMR (2): §=5.37 (d, *J4o = 1.1Hz, 4-H),
6.24 (dd, a-H), 7.21-7.45 (m, 11 ar H), 7.93 (dd, J=6.7,
1.8Hz, 2 ar H) ppm; °C NMR: §=62.45 (C-4), 116.92,
118.39, 118.53, 126.74, 128.94, 129.09, 129.32, 130.03,
131.31, 132.24, 132.35, 135.73, 136.39, 140.88, 160.61 (CO)
ppm; HPLC (Z) RP-18”: 1,=2.40min, K =7.53, Jmax=
322.5nm; (E) RP-18: 1, = 2.40 min, K’ = 3.81, A = 320.5 nm.

(Z)-1-(4-Bromophenyl)-3-(2-nitrobenzylidene)-4-
phenylazetidin-2-one (4x, Co,H;5BrN,03)

The mother liquor of 3¢ was concentrated and then refluxed with
10% (m/m) conc. H3PO,4 and ca. 1% (m/m) conc. H,SO, with
3A mol. sieves for 2h. After neutralization (Na,CO3) the
mixture was extracted with AcOE?, and the organic layer was
evaporated in vacuo. Mp 177-178°C (MeOH); 'H NMR
(DMSO-dg): 6=5.88 (d, *J4, = 1.5Hz, 4-H), 6.86 (d, *J,4 =
1.5Hz, a-H), 7.20-7.60 (m, 9 ar H), 7.60-7.90 (m, 4'-H, 5'-
H), 8.08 (dd, 3Jy4 =8.0, *J3 5 =13Hz, 3-H), 8.26 (dd,
316/5 =17., 416,74, = 1.3Hz) ppm; HPLC: ((S,S)-Whelk 01, n-
hexane/2-propanol 3/1): fo=2.24 min, 'y =3.90, k', =4.15,
Amax = 336.1 nm.

(Z/E)-1-(4-Bromophenyl)-3-(2,4-dichlorobenzylidene)-4-
phenylazetidin-2-one (4y, C,,H4BrCI1,NO)

From 1 g (2.7 mmol) 2¢ and 3 g (17 mmol) 2,4-dichlorobenzal-
dehyde. Yield 210 mg (17%); colorless crystals; mp (Z) 212—
214°C (2-Propanol); IR: v =3087, 3064, 3029 (CH), 1810,
1715 (CO), 1631 (C=C) cm™'; '"H NMR (2): §=5.41 (d,
4140 =1.1Hz, 4-H), 6.72 (dd, a-H), 7.18-7.50 (m, 10 ar H),
7.32 (d, J=8.5Hz, 5'-H), 8.67 (d, J=8.5Hz, 6/-H) ppm; (E):
§=5.65 (d, *Js,=1.5Hz, 4-H), 7.02 (d, J=1.5Hz, a-H),
7.02-7.50 (m, 11 ar H), 7.87 (d, J = 8.5 Hz, 6'-H) ppm; HPLC
(Z) RP-18": 1,=1.90min, ¥ =14.94, )., =326.9nm; (E)
RP-18": 1y = 1.90 min, K = 7.20, Anax = 322.6 nm.

(Z/E)-1-(4-Bromophenyl)-3-(2-chlorobenzylidene)-4-
phenylazetidin-2-one (4z, Cy,H;sBrCINO)

From 1 g (2.7 mmol) 2c and 3.5 cm’® (31 mmol) 2-chlorobenzal-
dehyde. Yield 220mg (19%); colorless crystals; mp 216°C
(EtOH); IR: ©=3060, 3025 (CH), 1814, 1717 (CO), 1678
(C=C) ecm™'; '"H NMR (2): §=5.43 (d, J=12Hz, 4-H),
6.81 (d, J=1.2Hz, a-H), 8.68 (m, 6'-H), 7.20-7.48 (m, 12 ar
H) ppm; *C NMR (2): 6= 114.14, 121.72, 127.99, 128.06,
128.27, 131.07, 137.61, 144.88 ppm; HPLC (Z) RP-18": 1, =
1.90min, k' =8.32, Apa=2322.6nm; (E) RP-18”: 1o=
1.90 min, ¥’ =4.38.

Reactions with amines. General procedure

Under N, at —78°C, n-Buli was added to a solution of the
amine (freshly distilled) in THF, and after 15 min stirring, a
solution of 4 in THF was added drop by drop. After 30 min,
the mixture was hydrolyzed with a solution of NH4CI (60 g
dm™3). The organic layer was separated, the aqueous layer
was 3 x washed with CHCl;, the combined organic layers
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were dried (Na,SO,) and evaporated. The residue was crystal-
lized or purified by CC as noted.

1-(4-Methoxyphenyl)-3-[ a-(phenylcarbamoyl)ethylidene |-4-
phenylazetidin-2-one (4f, C,5sH»,N,03)

From (E)-4e (1.0 g, 2.9 mmol), aniline (0.93 g, 10 mmol), and
n-BuLi (6.3 cm®, 10 mmol). Yield 870 mg (76%); yellow crys-
tals; mp 188°C (MeOH); IR: v=3255 (NH), 3130, 3060,
3040, 3017, 2990, 2965, 2930, 2840 (CH), 1740, 1640 (CO)
cm™!; '"HNMR: § =2.40 (s, Me), 3.70 (s, MeO), 5.60 (s, 4-H),
6.98 (s, NH), 6.59-7.55 (m, 14 ar H).

1-(4-Methoxyphenyl)-3-[ a-(phenylcarbamoyl)benzylidene |-
4-phenylazetidin-2-one (4g, C30H4N>03)

From (E)-4d (1.0g, 2.51 mmol), aniline (0.93 cm®, 10 mmol),
and n-BuLi (6.3 cm?, 10mmol). Yield 980 mg (85%); yellow
crystals; mp 133°C (MeOH); IR: v = 3400, 3320 (NH), 3070,
3030, 3000, 2960, 2935, 2840 (CH), 1735, 1660 (CO), 1685
(C=C) ecm™!; '"H NMR: §=3.67 (s, MeO), 5.73 (s, 4-H),
6.61-7.83 (m, 19 ar H, NH).

3-[a-(Cyclohexylcarbamoyl)ethylidene)]-1-(4-methoxy-
phenyl)-4-phenylazetidin-2-one (4h, C,5H,3N>03)

From (E)-4e (1.0g, 2.97 mmol), cyclohexylamine (1.18¢g,
11.88 mmol), and n-Buli (7.48 cm3, 11.88 mmol). CC
(CHCIy). Yield 150mg (12%); yellowish crystals; mp 98°C
(MeOH); IR: 7 =23250 (NH), 3090, 3060, 3030, 2930, 2850
(CH), 1740, 1620 (CO) cm™"; "H NMR: § = 0.73-1.69 (m, 11
cyclohexyl-H), 2.31 (s, Me), 3.70 (s, MeO), 5.25 (s, NH), 5.85
(s, 4-H), 6.68-7.50 (m, 9 ar H).

3-[a-(Benzylcarbamoyl)benzylidene |- 1-(4-methoxyphenyl)-
4-phenylazetidin-2-one (4i, C31H6N,03)

From (E)4d (1.0g, 2.5mmol), benzylamine (1.07¢g,
10 mmol), and n-BuLi (6.3 cm>, 10 mmol). CC (CHCL). Yield
460mg (39%); yellow crystals; mp 193°C (MeOH); IR:
v=3340 (NH), 3080, 3030, 3000, 2860, 2940, 2840 (CH),
1740, 1655 (CO), 1690 (C=C) cm™!; 'H NMR: § =3.64 (s,
Me0O), 4.20 (d, J=T7Hz, CH,), 5.64 (t, NH), 5.75 (s, 4-H),
6.60-7.59 (m, 19 ar H).

3-(Diisopropylamino)-3-[ a-(methoxycarbonyl)benzyl |- 1-(4-
methoxyphenyl)-4-phenylazetidin-2-one (5f, C31H36N,04)
From 4d (1.0g, 2.51 mmol), diisopropylamine (1.4cm’,
10mmol), and n-BuLi (6.3 cm?®, 10 mmol). Yield 900 mg
(72%); colorless crystals; mp 175°C (MeOH); IR: v=
3060, 3020, 2950, 2860, 2830 (CH), 1760-1720 (CO)
cm™!; '"H NMR (80MHz): §=1.19-1.37 (m, 2CHMe,),
3.54, 3.70 (2s, 2MeO), 4.12 (s, a-H), 5.22 (s, 4-H), 6.55-
7.30 (m, 14 ar H).

3-(Dicyclohexylamino)-3-[ a-(methoxycarbonyl)benzyl]-1-
(4-methoxyphenyl)-4-phenylazetidin-2-one (5g, C37H44N>04)
From (Z2)-4d (1.0 g, 2.51 mmol), dicyclohexylamine (1.8 cm’,
10 mmol), and n-BulLi (6.3 cm’, 10 mmol). Yield 1.00 g (68%);
colorless crystals; mp 181-182°C (MeOH); IR: v = 3060, 3030,
2925, 2850 (CH), 1740 (CO) cm™'; 'H NMR (80 MHz):
6=1.01-2.05 (m, 22 cyclohexyl-H), 3.50, 3.69 (2s, 2MeQO),
4.05 (s, a-H), 5.13 (s, 4-H), 6.63-7.31 (m, 14 ar H).
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3-(Diethylamino)-3-[a-(methoxycarbonyl)benzyl]-1-(4-
methoxyphenyl)-4-phenylazetidin-2-one (5h, Cy9H3,N,04)
From (Z)-4d (1.0g, 2.51 mmol), diethylamine (740 mg,
10mmol), and n-Buli (6.3crn3, 10mmol). Yield 800 mg
(68%); colorless crystals; mp 112-114°C (MeOH); IR:
v =3070, 3030, 2970, 2930, 2840 (CH), 1755-1745, 1720
(CO) cm™!; 'H NMR (80MHz): 6=1.07 (t, 2 Me), 2.75—
3.05 (m, 2CH,), 3.52, 3.67 (2s, 2Me0), 3.97 (s, a-H), 5.00
(s, 4-H), 6.66-7.26 (m, 14 ar H).

3-[a-(Methoxycarbonyl)benzyl |- 1-(4-methoxyphenyl)-4-
phenyl-3-(pyrrolidin-1-yl)azetidin-2-one (5i, CooH30N,04)
From a) (Z)-4d or b) (E)-4d (1.0g, 2.51 mmol), pyrrolidine
(720 mg, 10.04 mmol), and n-BuLi (6.3 cm’®, 10ml). Yield a)
720 mg (61%), b) 550 mg (47%); colorless crystals; mp 166—
167°C (MeOH); IR: 7 =23070, 3030, 2950, 2880, 2840, 2820
(CH), 1755, 1735 (CO) cm™'; 'H NMR (80 MHz): § =1.85
(m, 2CH,), 2.80 (m, 2CH,), 3.60, 3.72 (2s, 2Me0O), 3.99 (s, a-
H), 5.05 (s, 4-H), 6.67-7.35 (m, 14 ar H).

3-[a-(Methoxycarbonyl)ethyl]-1-(4-methoxyphenyl)-4-
phenyl-3-(pyrrolidin-1-yl)azetidin-2-one (5j, C,4HgN,04)
From (E/Z)-4e (800 mg, 2.37 mmol), pyrrolidine (0.84cm’,
10mmol), and n-BuLi (6.32cm3, 10mmol). Yield 520 mg
(54%); colorless crystals; mp 104°C (MeOH); IR: ¥ = 3060,
3030, 3010, 2980, 2950, 2900, 2840 (CH), 1760 (CO) cm™';
'"H NMR (80MHz): §=1.13 (d, J=7Hz, Me), 1.81 (m,
2CH,), 294 (m, J=7Hz, 2CH,, o-H), 3.44, 3.77 (2s,
2MeO0), 5.17 (s, 4-H), 6.70-7.43 (m, 9 ar H).

3-[a-(Methoxycarbonyl)benzyl]-1,4-diphenyl-3-
piperidinoazetidin-2-one (5k, CooH30N,03)

From (E/Z)-4c (1.0g, (2.71mmol), piperidine (460mg,
5.42mmol), and n-BuLi (3.41 cm’, 5.42mmol), CC (cyclo-
hexane/AcOEr 4/1). Yield 340 mg (28%); colorless crystals;
mp 185°C (dec., MeOH); IR: v=3050, 3020, 2980, 2920,
2840 (CH), 1750, 1720 (CO) cm™!; 'H NMR (80 MHz):
6=1.25-1.85 (m, 3CH,), 2.93 (s, 2CH,), 3.65 (s, MeO),
4.03 (s, @-H), 5.18 (s, 4-H), 6.80-7.74 (m, 15 ar H).

3-[a-(Methoxycarbonyl)benzyl |- 1-(4-methoxyphenyl)-4-
phenyl-3-piperidinoazetidin-2-one (51, C30H3,N,04)

From a) (E/Z)-4d or b) (Z2)-4d (1.0 g, 2.51 mmol), piperidine
(1.28 cm?, 10.84 mmol) and n-BuLi (6.82cm’, 10.84 mmol):
a) 900 mg (72%), b) 803 mg (66%), mixture of 51 and 13a.
Separation CC (cyclohexane/AcOEt 4/1). Yield a) 440 mg
(36%), b) 290mg (24%); colorless crystals; mp 175°C
(MeOH); IR: v =3060, 3030, 2930, 2860, 2800 (CH), 1745,
1720 (CO) em™'; 'H NMR (80MHz): §=1.56 (s, 3CH,),
291 (s, 4CH,), 3.62, 3.70 (2s, 2Me0O), 4.04 (s, a-H), 5.14
(s, 4-H), 6.69-7.30 (m, 14 ar H).

3-[a-(Methoxycarbonyl)benzyl |- 1-(4-methoxyphenyl)-3-

(morpholin-4-yl)-4-phenylazetidin-2-one (Sm, Cy9H3oN,Os)
From a) (E/Z)-4d or b) (Z)-4d or ¢) (E)-4d (1.0 g, 2.51 mmol),
morpholine (0.88 cm®, 10.84 mmol) and n-BuLi (6.82cm’,
10.84 mmol). Yield a) 800 mg (66%), b) 872 mg (72%), mixture
of 5m and 13b, ¢) 260mg (21%). CC (cyclohexane/AcOEt
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4/1). Rf=0.75. Yield a) 300 mg (24%), b) 490 mg (39%); col-
orless crystals; mp 192°C (MeOH); IR: 7 =13065, 3030, 2970,
2955, 2850 (CH), 1750, 1730 (CO) cm™!; '"H NMR (80 MHz):
6=2.97 (m, 2CH,), 3.59-3.74 (m, 2CH,), 3.61, 3.67 (2s,
2Me0), 3.97 (s, a-H), 5.20 (s, 4-H), 6.70-7.31 (m, 14 ar H).

1-(4-Methoxyphenyl)-4-phenyl-3-[ a-(phenylcarbamoyl)-
benzyl]-3-(pyrrolidin-1-yl)azetidin-2-one (5Sn, C34H;3N303)
From 4g (500 mg, 1.1 mmol), pyrrolidine (0.42 cm?, 5 mmol),
and n-BuLi (3.16cm®, 5 mmol). Yield 233 mg (40%); color-
less crystals mp 212°C (MeOH); IR: v =3390, 3260 (NH),
3130, 3060, 3030, 2970, 2830 (CH), 1735 (CO) cm™!; 'H
NMR (80 MHz): 6 =1.50, 3.17 (2m,, 4CH,), 3.67 (s, MeO),
4.77 (s, a-H), 6.00 (s, 4-H), 6.55-7.80 (m, NH, 19 ar H).

Addition of S-nucleophiles. General procedure

At —78°C, an equivalent amount of n-BuL.i was added to the
thiol in 10cm® THF, and after 15 min stirring, the (-lactam 4
in 20cm®THF was added drop by drop. After 10 min, the
mixture was hydrolyzed with a solution of NH,CI (30cm®,
60 g dm—3), the aqueous layer was once washed with CHCls,
the organic layers were dried (Na,SO,) and evaporated.

3-[1-(Methoxycarbonyl)ethyl]-1-(4-methoxyphenyl)-4-
phenyl-3-(phenylthio)azetidin-2-one (50, Co6Hy5NO4S)
From thiophenol (1.2 cm®, 10mmol), (Z)-4e (700 mg,
2.06 mmol), and n-BuLi (3.15ml, 5mmol). Yield 600 mg
(65%); colorless crystals; mp 157-158°C (MeOH); IR: v=
3055, 3030, 3000, 2950, 2930, 2900, 2830 (CH), 1740, 1725
(CO) ecm™'; '"H NMR (80 MHz): § =1.33 (d, J=7Hz, Me),
3.08 (q, J=7Hz, a-H), 3.73 (s, 2Me0), 5.70 (s, 4-H), 6.70-
7.63 (m, 14 ar H).

3-Isopropylthio-3-[ a-(methoxycarbonyl)benzyl ]-1-(4-
methoxyphenyl)-4-phenylazetidin-2-one (5p, Co5H20NO4S)
From 1-methylethanethiol (0.4 cm’, 5mmol), n-Buli
(3.16cm3, Smmol), and (Z)-4d (500 mg, 1.25 mmol). Yield
346 mg (58%); colorless crystals; mp 127°C (MeOH); IR:
v=3060, 3030, 2950, 2930, 2910, 2860, 2830 (CH), 1745
(CO) em™!'; '"H NMR (80MHz): §=1.25 (d, J=7Hz, 2
Me), 3.55 (mc, J=7Hz, CHMe,), 3.60, 3.71 (2s, 2MeO),
4.55 (s, a-H), 5.33 (s, 4-H), 6.45-7.55 (m, 14 ar H).

3-Allylthio-3-[ a-(methyoxycarbonyl)benzyl |- 1-(4-methoxy-
phenyl)-4-phenylazetidin-2-one (5q, C,5H7NO,4S)

From 2-propenethiol (0.6cm3, 5mmol), n-Bul.i (3.15 cm3,
5mmol), and (Z)-4d (500 mg, 1.25mmol). Yield 295 mg
(50%); yellowish crystals; mp 93°C (MeOH); IR: v = 3060,
3030, 3010, 2950, 2835 (CH), 1735 (CO) cm™!; 'H NMR
(80MHz): §=3.50-3.74 (m, CH,), 3.63, 3.73 (2s, MeO),
4.63 (s, a-H), 4.93-5.25 (m, CH,), 5.34 (s, 4-H), 5.50-6.04
(m, —-CH=), 6.48-7.55 (m, 14 ar H).

3-[a-(Methoxycarbonyl)benzyl]-3-[2-(methoxycarbonyl)-
ethylthio]-1-(4-methoxyphenyl)-4-phenylazetidin-2-one

(5r, Ca9H29NO6S)

From methyl 3-mercaptopropionate (2.6cm®, 20 mmol), n-
Buli (12.6 cm?, 20 mmol), and (Z)-4d (1.0 g, 2.5 mmol). Yield



856

970mg (75%); colorless crystals; mp 102°C (MeOH); IR:
7 =23070, 3030, 3010, 2950, 2840 (CH), 1740 (CO) cm™';
'"H NMR (80 MHz): § =2.35-3.35 (m, CH,—CH,), 3.63 (s,
2C0O,Me), 3.75 (s, MeO), 4.59 (s, a-H), 5.38 (s, 4-H), 6.49—
7.58 (m, 14 ar H).

3-[1-(Methoxycarbonyl)ethyl]-3-[2-(methoxycarbonyl)-
ethylthio |- 1-(4-methoxyphenyl)-4-phenylazetidin-2-one

(8s, Co4H27NO6S)

From (Z)-4e (560mg, 1.66mmol), methyl 3-mercaptopro-
pionate (0.65 cm?, 5mmol), and n-BuLi (3.15cm>, 5 mmol).
Yield 620mg (82%); colorless crystals; mp 116°C (MeOH);
IR: v =3090, 3070, 3040, 2990, 2955, 2850 (CH), 1745, 1700
(CO) cm™"; "H NMR (80 MHz): § =1.43 (d, J=7Hz, Me),
2.55, 3.05 (mc, 2CH,), 3.38 (q, /=7 Hz, a-H), 3.63 (s, MeO),
3.75 (s, 2CO,Me), 5.54 (s, 4-H), 6.70-7.38 (m, 9 ar H).

3-(t-Butylthio)-3-[ a-(methoxycarbonyl)benzyl |- 1-(4-
methoxyphenyl)-4-phenylazetidin-2-one (5t, CooH3;NO4S)
From #-BuSH (900 mg, 10 mmol), n-BuL.i (6.3 cm’, 10 mmol),
and (2)-4d (1.0g, 2.5 mmol). Yield 907 mg (74%); colorless
crystals; mp 151-153°C (MeOH); IR: v =3070, 3040, 3000,
2960 (CH), 1745 (CO) cm™!; "H NMR (80 MHz): § = 1.53 (s,
CMe3), 3.61, 3.74 (2s, 2Me0O), 4.79 (s, a-H), 5.35 (s, 4-H),
6.45-7.50 (m, 14 ar H).

3-(n-Butylthio)-3-[ a-(methoxycarbonyl)benzyl]-1-(4-
methoxyphenyl)-4-phenylazetidin-2-one (Su, Cy9H3NO,4S)
From n-BuSH (900 mg, 10 mmol), n-BuL.i (6.3 cm’, 10 mmol),
and (2)-4d (1.0g, 2.5 mmol). Yield 860 mg (70%); yellowish
crystals; mp 115°C (MeOH); IR: v = 3085, 3040, 2970, 2950,
2880, 2855 (CH), 1750, 1730 (CO) cm™!; 'H NMR (80 MHz):
6=0.69-0.94 (m, Me), 1.10-1.60 (m, CH,—CH,), 2.65-3.06
(m, SCH,), 3.65, 3.75 (2s, 2Me0), 4.60 (s, a-H), 5.38 (s, 4-H),
6.53-7.63 (m, 14 ar H).

3-n-Butyl-3-[a-(methoxycarbonyl)benzyl |- 1-(4-
methoxyphenyl)-4-phenylazetidin-2-one (5v, CooH31NO,)
At —78°C, n-BulLi (6.3 cm?, 10 mmol) was added to (Z)-4d
(1.0g, 2.51 mmol) in 20 cm® THF. After 10 min, the mixture
was hydrolyzed with a solution of NH4Cl (30 cm®, 60g
dm™?), the aqueous layer was once washed with CHCl;,
the combined organic layers were dried (Na,SO,4) and evap-
orated. Yield 252 mg (21%); colorless crystals; mp 165°C
(MeOH); IR: v =3080, 3060, 3025, 2950, 2930, 2875, 2835
(CH), 1725 (CO) cm™'; 'H NMR (80 MHz): 6§ =0.73-2.76
(m, CH,—CH,-CH,—Me), 3.05 (s, CO,Me), 3.68 (s, MeO),
3.95 (s, a-H), 5.03 (s, 4-H), 6.65-7.29 (m, 14 ar H); °C
NMR: 6=14.47 (Me), 23.54, 26.83, 28.99 (CH,), 51.92
(CO,Me), 52.35 (C-a), 55.86 (MeO), 63.15 (C-4), 64.49
(C-3), 114.80, 119.16, 128.08, 130.22 (ar C), 131.04,
134.62, 134.86 (quart. ar C), 156.51 (CO Lactam), 171.81
(CO Ester).

Oxidation with m-chloroperbenzoic acid (MPCBA). General
procedure

A threefold excess of MCPBA was added to a solution of the
sulfide in 20cm® CH,Cl, After stirring for 1h the excess of
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MCPBA was destroyed by NaOH solution, the organic layer
was dried (Na;SO,) and evaporated in vacuo.

Diethyl [1-(4-methoxyphenyl)-2-oxo-4-phenylsulfonyl-
azetidin-3-ylJmalonate (6a, Co,oH,9NOgS)

From 5d (500mg, 1 mmol) and MCPBA (492 mg, 3 mmol).
Yield 375 mg (68%); light yellow crystals; mp 120°C (MeOH);
IR: 7 =3060, 2990, 2970, 2910, 2830 (CH), 1755 (CO), 1330,
1145 (SO,) cm™'; '"H NMR (80MHz): 6=1.10, 1.40 (2t,
J=T7Hz, Me), 3.74 (s, MeO), 3.96-4.50 (m, 20CH,), 4.10
(s, a-H), 6.23 (s, 4-H), 6.73-8.04 (m, 14 ar H).

3-[a-(Methoxycarbonyl)benzyl ]-3-[2-(methoxycarbonyl)-
ethylsulfonyl]-1-(4-methoxyphenyl)-4-phenylazetidin-2-one
(6b, C39H29NO5S)

From S5r (400mg, 0.77mmol) and MCPBA (378mg,
2.31mmol). Yield 364mg (81%); colorless crystals; mp
137-138°C (MeOH); IR: v = 3060, 3030, 3005, 2950, 2930,
2830 (CH), 1765 (CO Lactam), 1735 (CO Ester), 1310, 1125
(SO,) em™'; 'H NMR (80 MHz): §=2.33-3.44 (m, CH,—
CH,), 3.64 (s, 2CO,Me), 3.79 (s, MeO), 4.88 (s, a-H), 5.76
(s, 4-H), 6.50-7.71 (m, 14 ar H).

3-[1-(Methoxycarbonyl)ethyl]-1-(4-methoxyphenyl)-4-
phenyl-3-(phenylsulfonyl)azetidin-2-one (6¢, Co6Ho5NOgS)
From S50 (350mg, 0.78 mmol) and MCPBA (438 mg,
2.34mmol). Yield 233mg (62%); colorless crystals; mp
150-152°C (dec, MeOH); IR: v =3035, 3015, 3000, 2950,
2825 (CH), 1760 (CO Lactam), 1735 (CO Ester), 1325,
1140 (SO,) cm™'; '"H NMR (80 MHz): 6 =1.35 (d, J=7Hz,
Me), 3.23 (q, J=7Hz, a-H), 3.76, 3.85 (2s, 2Me0O), 6.05 (s, 4-
H), 6.74-8.05 (m, 14 ar H).

3-[1-(Methoxycarbonyl)ethyl]-3-[2-(methoxycarbonyl)-
ethylsulfonyl]-1-(4-methoxyphenyl)-4-phenylazetidin-2-one
(6d, Cr4Hx7;NOgS)

From Ss (350mg, 0.76mmol) and MCPBA (375 mg,
2.28mmol). Yield 360mg (97%); colorless crystals; mp
150°C (MeOH); IR: v =13070, 3040, 3000, 2960, 2850 (CH),
1750 (CO), 1330, 1140 (SO,) cm™'; 'H NMR (80 MHz):
6=145 (d, J=T7Hz, Me), 2.48-3.90 (m, CH,—CH,, a-H),
3.64 (s, MeO), 3.73, 3.80 (2s, 2CO,Me), 5.88 (s, 4-H), 6.69—
8.03 (m, 9 ar H).

2-[(4-Bromophenylamino )(phenyl)methyl)]-3-(furan-2-yl)-1-
(morpholin-4-yl)-prop-2-en-1-one (11, C,4H,3BrN,03)

From 0.8 g (2.1 mmol) (2)-40 and 0.87 cm® (10 mmol) morpho-
line. Yield 710mg (73%); colorless crystals; mp 208—-209°C
(MeOH); IR: ©=23398 (NH), 3060, 3019, 2977, 2926, 2863
(CH), 1613 (CO), 1594 (C=C) cm™!; "H NMR Isomer 1: § =
2.3-3.9 (m, 8Hy), 5.10 (d, 3JCH1NH =5.7Hz, CH-NH), 5.93 (d,
3JNH>CH =5.7Hz, NH), 6.62 (s, a-H), 6.36—-6.43 (m, 3-Hg, 4-
Hg), 6.70 (dd, J = 6.8 Hz, 2 ar H), 7.26 (dd, J = 6.8 Hz, 2 ar H),
7.36 (m, 5-Hg), 7.20-7.45 (m, 5 ar H); Isomer 2: § = 2.3-3.9 (m,
8Hwm), 4.31 (d, *Jxu.ca = 2.8 Hz, NH), 5.14 (m, *Jegnu = 2.8,
*Jcna = 1.2Hz, CH-NH), 6.29 (d, 3Jrps =3.3Hz, 3-Hp),
6.36-6.43 (m, 4-Hg), 6.38 (dd, J=6.8Hz, 2 ar H), 6.54 (d,
4Ja7CH =1.2Hz, «-H), 7.14 (dd, J=6.8Hz, 2 ar H), 7.36 (m,
5-Hg), 7.20-7.45 (m, 5 ar H); >C NMR Isomer 1: § =64.76
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(NH-CH), 131.79, 132.50, 139.53, 143.64 (C-5p), 145.78 (p—
Ar—C-NH), 149.73 (C-2g), 167.52 (CO); Isomer 2: § = 62.69
(NH—CH), 131.96, 132.50, 139.53, 143.20 (C-5), 145.37 (p-
Ar-NH), 150.34 (C-2g), 168.76 (CO); Isomer 1 or 2: 6 =41.30,
41.45,46.21,65.40, 65.70, 66.05, 66.32, 108.80, 110.27, 111.34,
111.76,111.87,112.14, 113.93, 114.90, 115.55, 117.69, 126.77,
127.59, 128.08, 128.63, 128.84, 129.02, 129.25, 130.84; HPLC
RP-18, MeCN/H,0: 1/1): to=1.79min, k' =17.67, Apax =
260.5 nm; ChiralCel OJ-R, MeCN/H,0: 2/3): to=2.40 min,
ki’ =12.86, ky' =13.59; MS (70eV): m/z (%)=468.7 (3.3,
BC/8Br-M*), 467.7 (16.1, ' Br-M™), 466.7 (3.6, *C/"Br-
M™), 465.7 (16.4, °Br—M™), 176.0 (100%).

(Z)-2-[(4-Bromophenylamino)(phenyl)methyl)J-1-
(morpholin-1-yl)-3-[4-(trifluoromethyl)phenyl [prop-2-en-1-
one (12, C27H24BI'F3N202)

From 0.9 g (2mmol) (Z)-4s and 0.87 cm® (10 mmol) morpho-
line. Yield 730mg (67%); colorless crystals; mp 204°C
(MeOH); IR: v=13398 (NH), 3061, 3020, 2978, 2925, 2864
(CH), 1613 (CO), 1594 (C=C) cm~!; '"H NMR: Isomer 1:
§=2.3-3.9 (m, 8Hw), 5.20 (d, *Jeunu =5.7Hz, CH-NH),
6.01 (d, *Jxgcn=5.7Hz, NH), 6.89 (s, a-H), 6.74 (dd,
J=6.8, J=2.1Hz, 2 ar H), 7.20-7.69 (m, 11 ar H); Isomer
2: §=2.3-3.9 (m, 8Hyp), 4.32 (d, *Jnp.cu = 2.8 Hz, NH), 5.25
(m, 3Jcung = 2.8, Yo = 1.2 Hz, CH-NH), 6.42 (dd, /= 6.8,
J=2.1Hz, 2 ar H), 6.84 (d, *J,cu = 1.2Hz, o-H), 7.16 (dd,
J=6.8,J=2.1Hz,2 ar H), 7.20-7.69 (m, 11 ar H); ">*C NMR:
6=41.17, 41.33, 45.77, 45.84, 62.78, 64.68, 65.34, 65.57,
65.76, 114.85, 115.04, 115.53, 124.11, 125.41, 125.49, 125.54,
125.62, 126.74, 127.10, 127.53, 128.19, 128.24, 128.28,
128.50, 128.81, 128.95, 129.11, 129.17, 129.36, 131.87,
132.03, 136.53, 139.01, 139.09, 145.23 (p—Ar—C-NH),
145.60 (p—Ar—-C-NH), 167.30 (CO), 168.23 (CO); HPLC RP-
18: 1= 1.79 min, K’ = 8.80, /pnay = 258.6 nm; ChiralCel OJ—
R, MeCN/H,0: 1/1): to=2.01 min, k' = 12.31, k' = 13.07.

2-[a-(4-Methoxyanilino)benzyl ]-3-phenyl-1,4-dipiperidino-
2-butenedicarboxamide (13a, C34H39N303)

As a by-product of the synthesis of 5. Yield a) 160 mg (21%),
b) 142 mg (12%); colorless crystals, mp 224-225°C (MeOH);
IR: ¥ =3370 (NH), 3060, 3030, 3000, 2940, 2860 (CH), 1630,
1610, (CO) cm™!; '"H NMR (400MHz): 6§ =1.11-1.66 (m,
6CHy»), 2.41, 3.05 (mc, J=13.5, 7.5, 3.3 Hz, 2Hp;,), 3.17-
3.56 (m, 3CH,), 3.65 (s, MeO), 5.29 (s, benzyl-CH), 5.98 (s,
NH), 6.35-7.66 (m, 14 ar H); '3C NMR: 6 =23.53, 23.93,
24.37, 24.80, 25.11, 25.44 (6 x CH,), 41.36, 41.63, 47.18,
47.88 (4xCH,), 55.18 (MeO), 57.26 (C-NHR), 114.23,
114.29, 126.84, 127.01, 127.97, 128.07, 128.12, 128.19 (ar
O), 131.30, 133.25, 134.02 (quart. ar C), 139.37, 139.54
(C=0C), 151.14 (MeO-C,,), 166.17, 166.82 (N-COR).

2-[a-(4-Methoxyanilino)benzyl]- 1,4-bis(morpholin-4-yl)-3-
phenyl-2-butenedicarboxamide (13b, C3,H35N305)

As a by-product of the synthesis of Sm. Rf=0.43. Yield
140mg (16%); colorless crystals; mp 227°C (MeOH); IR:
v=3270 (NH), 3070, 3030, 3000, 2980, 2940, 2910, 2860
(CH), 1630 (CO) cm™!; '"H NMR (250 MHz): 6§ =2.23, 2.50
(mc, 2 morpholine-H), 3.19-3.78 (m, 14 morpholine-H), 3.68
(s, MeO), 5.36 (s, benzyl-CH), 5.79 (s, NH), 6.38-7.68 (m, 14
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ar H); 3C NMR: § =41.33, 41.61, 46.75, 47.35 (morpholine-
Q), 55.57 (MeO), 57.52 (CH-N), 66.07, 66.10, 66.58, 66.72
(morpholine-C), 114.69, 114.86, 127.11, 128.39, 128.72,
128.89, 128.92 (ar C), 131.94, 133.46, 133.49 (quart. ar C),
139.32, 139.53 (C=C), 151.86 (MeO-Car), 166.84, 167.57
(NCO). MS: 541 (34, M™), 542 (14, [M+1]%), 70 (100).
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