PROCEDURES/DATA

An Efficient and Simple Procedure for the Preparation ofa-Keto-B-lactams

Marko D. Mihovilovic 1), Anton Feicht,andMargaret M. Kayser”
Saint Johns, N. B./Canada, Department of Physical Sciences, University

Received April 29th, 2000
Keywords: Cyclizations, Heterocycles, Lactams, Synthetic methods, Paclitaxel side chain

Dedicated to Prof. Fritz Sauter on the Occasion of his 70th Birthday

Abstract. The methods for the preparation @fketo-3- scribed in this communication. The protocol based on an ef-
lactams described in the literature are generally specific for &cient cyclization procedure followed by hydrolysis and oxi-
particular target molecule and lack generality. A short routedation allows preparation ofketo3-lactamsba—g with sen-

to several of these compounds has been developed and is ddive substituents.

a-Keto-B-lactamsl are at the crossroads of many importantods, therefore, are suitable only for the preparation of com-
transformations leading to bioactive compounds [1]. Recentpounds with acid-resistant substituents. Thus, low reactivity
ly, we used yeast-catalyzed reduction of 1-(4-methoxypheef the quaternary center in the intermediae8, or C (the
nyl)-4-phenyl-2,3-azetidindione as a key step in a biocatalyatteraccessiblevia cyclization of a thio-precursor followed
tic approach to the synthesis of the paclitaxel C-13 side chaiby chlorination) towards nucleophilic attack limits the appli-
(Scheme 1) [2]. To investigate other 4-substitutedeto3- cability of these otherwise simple and straightforward syn-
lactams as substrates for microbial reductions and subsequehkses.
conversions to optically pure C-13 side-chain analogs we re-
quired a simple, efficient, and general protocol for the syn-

thesis of these compounds. R'Oﬂ;(R
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Scheme 1a-Keto-3-lactams as key fragments in a biocata- \ a =
lytic approach to paclitaxel analogs R
R'S
o N\PG

Although numerousr-keto-3-lactams have been success-
fully prepared, the reported methods were optimized for spe-
cific compounds and lacked generality. Usually cyclizationsScheme 2Possible synthetic routes @eketo-lactams
to the lactam ring have been achieved by condensations of
activated carboxylic acids with protected imineStaudinger
type reactions [3]. In most cases an acid chloride was used as
an activated species, however, the reactions did not consist- This paper describes a milder and more general three-step
ently produce high yields [4]. In an alternative approach, keprocedure adapted for the preparatiomndfeto3-lactams
tal or thioketal protected glyoxylic acid esters were treatedsubstituted with fragile functional groups. The protocol is
with a strong base such @&st-BuOK or BuLi providing an-  based on the cyclization of an imiBevith carboxylic acict
ions that were condensed with imines to ketal or thioketaln the presence of POQlia in situgeneration of acid chlo-
protectedB-lactams [5]. While the above routes gave satis-ride illustrated in Scheme 3 [6fpllowed by hydrolysis of
factory results for the cyclizations, the deprotection of thethe acetate and oxidation of the resulting alcohol (Scheme 4).
resulting intermediates (Scheme 2, A and B), to ketdnes The cyclization step can be easily controlled and scaled up.
could be accomplished only under rather harsh conditions suchhe following transformations are carried out under mild
as treatment with concentrated mineral acids [5]. These metlzonditions tolerated by a variety of sensitive substituents.
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Results and Discussion To evaluate the effectiveness of our cyclization protocol,
we carried out the alternative cyclizations of imiBas3c
Imines 3 were readily accessible by reacting appropriateand3ewith dithioketal4b [9], phenylthioacetic acidc[10],
amines with aldehydes in the presence of magnesium sulfa@nd benzylglyoxylic acidd [11] (Scheme 3, entries 8—11).
[7]. The products were isolated in good yields and could bé he yields of lactams, 7, and8 were found to be compara-
used in subsequent transformations without purification. Irble to those obtained in the reactions with acetylglyoxylic
the following step a solution @fand acetylglyoxylic acida  acid described above. Interestingly, the thio-compoutds
[8] was treated with POgIn the presence of triethylamine and7ewere formed asransisomers exclusively. This ste-
as the base. The 3-acetofyfactamssa—gwere produced in  reopreference for sulfur substituted lactams has been noted
good to excellent yields after recrystallization or flash chro-previously [10].
matography (Scheme 3). Even the sterically demanding imi- Our attempts to scale-up the subsequent conversion to the
ne 3g was successfully converted to the correspondingdesired ketonega the protocol outlines in the literature [10]
B-lactam albeit in a lower yield (Scheme 3, entry 7). The twoproved difficult. The furane substituent 7e was unstable
N-protecting groups testegtmethoxyphenyl (PMP) and ben- under chlorination conditions with sulfuryl chloride, and al-
zyl (Bn), appear to be equally acceptable (Scheme 3, entridBough the chlorination was successfully accomplished with
1 and 2). It is noteworthy that the lactafsvere obtained the thienyl substitutedc the subsequent heterogeneous hy-
mainly ascis-isomers. Only compoundg andSecontained  drolysis on silica gel proceeded very slowly and gave incom-
traces of therans Zlactams. Since at this stage the stereo-plete conversion.
chemistry was not an issue the mixtures were used in the fol- The low reactivity of the quaternary center seemed to be

lowing oxidation step. responsible for the problems encountered in the deprotection
of the thioketaba especially in the presence of adjacent car-
phs, R bonyl groups [12]. The successful deprotection of a ketal group
jr—y‘\ in compounds of typA (Scheme 2) was achieved only with
7 Mee a phenyl substituent. It required prolonged treatment with
7 conc.sulfuric acid [2, 5]. Few functional groups can tolerate
o such drastic conditions.
] Cf) e On the other hand-acetoxyg-lactams %a—g) were hy-
(\S N w OB"M BrO R drolyzed to alcohols2@—g) in excellent yields under very
s R CooH O /l;' mild conditions [13]. Subsequent oxidations were performed
N, o Mes by treatment with DMSO in the presence of phosphorous pent-
o, Pe s oxide [14] to give ther-ketoB-lactams {a—g) in good yields
as shown in Scheme 4.
AcO R KOH HO, R
OJ/:'\‘\PG OJ;'\I\
5 2
o . ) entry R PG hydrolysis yield oxidation yield
entry imine R PG acid product (O/y)leld (%) (%)
(V)
1 phenyl PMP 2a 7 la 90
1 3a  phenyl PMP 4a  5a 55 2 phenyl Bn 2b 99 1b 99
2 3b  phenyl Bn 4a 5b 84 3 2-thienyl PMP 2c 923 1c 69
3 3¢ 2-thienyl PMP 4a  5c 599 4 3-thienyl PMP 2d 74 1d 81
4 3d 3-thienyl PMP 4a 5d 65 5 2-furyl PMP 2e 929 1e 76
5 3 Zfunyl PMP ~ 4a  5e 56°) 6  -C(Me)=CHPh PMP 2f 95 1f 82
6 3f -C(Me)=CHPh PMP 4a 5f 83 7 tert—butyl PMP 29 94 19 85
7 39 tert-butyl PMP 4a 5¢g 33
8 3a phenyl PMP 4b  6a 86 a) mixture ofcis- andtrans-isomers
9 3c 2-thienyl PMP 4c 7c 59
12 gg sf:gr?;/ll F,;'\,CATD jg ;: gg Scheme 4Synthesis ofr-keto3-lactams

3 mixture ofcis- andtransisomers 5:1; ) mixture ofcis- and

transisomers 2:1 . . .
In conclusion, the synthetic scheme reported here includes

the cyclization protocol applicable to a variety of substrates.

The following transformations leading to the target com-
Scheme 3Cyclizationsvia the POC) method poundsl are suitable for a variety of substituents and allow

access to several oxy precursors for the taxol C-13 side-chain.
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The enantioselective reductions of these compounds using-Acetoxy-1-(4-methoxyphenyl)-4-(2-thienyl)-2-azetidinone
recombinant organisms are presently investigated. (50

] ) ] ) _ Imine 3¢ (2.80 g, 12.90 mmol) reacted with adid to give
Financial support by the Natural Sciences and Engineering 40 g (59%) of puréc as colorless crystals after flash col-
Reseach Council of Canada (MMK) and the FWF (Austrianymn chromatography (silica gel, petroleum ether : ethyl ace-
Science Fund) for &chrodingerscholarship, project no. tate = 3:1) as mixture afis andtransisomers in a ratio of
J1471-CHEM (MDM) are gratefully acknowledged. approx. 5:1 €is-5¢. —1H NMR (CDCl, 200 MHz):&/ppm =

1.73 (s, 3H), 3.76 (s, 3H), 5.61 (= 4.8 Hz, 1H), 5.96 (d,

_ J=4.8Hz, 1H), 6.83 (d1 = 9.2 Hz, 2H), 6.97—-7.05 (m, 1H),

Experimental 7.08-7.16 (m, 1H), 7.16—7.30 (m, 3H:3c NMR (CDCl},

50 MHz): dppm =19.9 (q), 55.3 (q), 57.5 (d), 76.4 (d), 114.3
Unless otherwise noted, chemicals were purchased from congd), 118.7 (d), 126.7 (d), 127.0 (d), 128.1 (d), 130.0 (s), 135.6
mercial suppliers and were used without further purification.(s), 156.6 (s), 161.0 (s), 169.2 ¢sdns-5c. —tH NMR (CDCl,
All solvents were distilled prior to use. Dry methylene chlo- 200 MHz):dppm = 2.20 (s, 3H), 3.76 (s, 3H), 5.20Jd&; 1.5
ride was prepared by distillation from®,,. Commercially  Hz, 1H), 5.51 (dyJ = 1.5 Hz, 1H), 6.83 (d] = 9.2 Hz, 2H),
available dry DMSO was treated with molecular sievesg.97—-7.05 (m, 1H), 7.08—7.16 (m, 1H), 7.16—7.30 (m, 3H).
(4 A). Melting points were determined oRiaher-Johnsnelt- —13C NMR (CDCk, 50 MHz), &ppm = 20.3 (q), 55.3 (q),
ing point apparatus and are uncorrected. Proton and carb@n.3 (d), 82.9 (d), 114.3 (d), 119.0 (d), 126.2 (d), 126.5 (d),
NMR spectra were recorded either on a BRUKER 200 FT-127.3 (d), 129.9 (s), 138.5 (s), 156.6 (s), 160.7 (s), 169.5 (S).
NMR spectrometer or a Varian Unity 400 FT-NMR spectro- . i o
meter; chemical shifts are reported in ppm usingdil@s cis-3-Acetoxy-1-(4-methoxyphenyl)-4-(3-thienyl)-2-azetidi-
internal standard. Mass spectra were obtained on a Kratd¥ne(>d)
MS 550TC mass spectrometer. IR spectra were recorded frofmine 3d (2.000 g, 9.204 mmol) reacted with adigto give

thin films on a Nicolet 520 FT-IR spectrometer. 1.906 g (65%) of purgd as colorless crystals after recrystal-
lization from diisopropyl ethengp. 145—-148 °C). {H NMR
Cyclization Reaction (General Procedure) (CDClg, 400 MHz):dppm = 1.79 (s, 3H), 3.76 (s, 3H), 5.44

. . . o ,J = 4.8 Hz, 1H), 5. = 4.8 Hz, 1H), 6. =
A 10% solution of the imin8 (1 equiv.), the carboxylic acid gZJHz Zg) ;01 8dJ5:9£écll_J|z 1,_3 7?2éL_H%_§18(%n(iJH)_ _
4 (1.3 equiv.), and dry triethyl amine (3 equiv.) in dry methy- 13- NMR (C,DCE 100 MHz) c%/pprr; = 19.0 (q) 554 @
lene chloride was cooled to approximately 5 °C and treated g (d), 76.3 (d), 114.4 (d) '118.7 (d), 124.7 (a) 126.2 ’(d)
under nitrogen atmosphere with a 20% solution of ROLI 156 g (d), 130.3 (s), 134.0 (s), 156.6 (s), 161.2 (5), 169.4 (5).
equiv.) in dry methylene chloride. After complete addition _ |5 (CDbg): vma)Jc,rrrlz 1761. 1523. 1221. — HRMS for

the solution was stirred at room temperature for 24-48 hrsg 1 ' M) caled.: 317.0722. f -'317.07
The reaction mixture was hydrolyzed witk RICI, and ex- TuesgNO,S (M): caled.: 317.0722, found: 317.0720.

tracted with methylene chloride; the combined organic lay-3-Acetoxy-4-(2-furyl)-1-(4-methoxyphenyl)-2-azetidinone

ers were washed with saturated sodium carbonate solutiof5€)

dried over magnesium sulfate, filtered, and concentrated. Imine 3e (6.68 g, 33.19 mmol) reacted with adidto give
5.60 g (56%) of a 2:1 mixture ofs- and transseas colorless

cis-3-Acetoxy-1-(4-methoxyphenyl)-4-phenyl-2-azetidinonerystals after flash column chromatography (silica gel, petro-

(59) leum ether : ethyl acetate = 2:19is-5e —*H NMR (CDCl,,

Imine 3a(2.000 g, 9.467 mmol) reacted with adito give gol—?zMFI—T)): g%%r?dﬁ i'gSH(ZS’ 13|_|_||))’ g;?_(ZSSZH()mSSS)ng 82
1.609 g (55%) of purBa[11, 15] as colorless crystals after ' T ' o : ! "

D07 y t d,J=9 Hz, 2H), 7.30 (d] = 9 Hz, 2H), 7.42—7.47 (m, 1H).
recrystallization from diisopropyl ethem(p. 154—-157 °C). (_1 . -
_1H NMR (CDCl, 400 MHz):dlppm = 1.67 (s, 3H), 3.75 (s, = < NMR (CDCl, 50 MHz): dppm = 19.8 (q), 55.2 (d),

= . 55.3 (q), 76.0 (d), 110.2 (2d), 114.3 (d), 118.5 (d), 130.1 (s),
(3 dH?] >3 ﬁf 5:)'?7'}26’5 fﬂ)gg(gnf %)‘_13“‘(':9&;?1(2)53-&80 143.4 (d), 146.7 (5), 156.6 (5), 161.9 (s), 169. @5
100 MHz): d/ppm = 19.8 (q), 55.4 (q), 61.4 (d), 76.3 (d), , H NMR (CDClL, 200 MHz):8/ppm = 2.21 (s, 3H), 3.78 (s,

3H), 4.97 (dJ=2Hz, 1H), 5.78 (d]=2 Hz, 1H), 6.37—-6.52
114.4 (d), 118.8 (d), 127.9 (d), 128.4 (d), 128.8 (d), 130.3 (S)(m,)ZH), 6(_8*2] (@ 05 Hz,)2H), 7(_230 @ B HZ), o1 742
132.2(s), 156.6 (s), 161.3 (s), 169.2 (s). 7.47 (m, 1H). 23C NMR (CDCl, 50 MHz), dppm = 20.3
cis-3-Acetoxy-4-phenyl-1-(phenylmethyl)-2-azetidin@bg ~ (d): 55.3 (A), 56.6 (d), 79.4 (d), 110.2 (d), 110.7 (d), 114.2 (d),
. o 118.7 (d), 130.2 (s), 143.5 (d), 148.0 (s), 156.6 (s), 161.9 (s),
Imine 3b (2.000 g, 10.234 mmol) reacted with adato give 169.4 (s).

2.532 g (84%) obb [16, 17] as colorless oil after flash col- |

umn chromatography (silica gel, petroleum ether : ethyl ace€iS-3-Acetoxy-1-(4-methoxyphenyl)-4-(3-phenylprop-2-en-2-
tate = 5:1). 2H NMR (CDCl;, 400 MHz):dppm = 1.64 (s, Y)-2-azetidinongf)

3H), 3.91 (dJ=14.9 Hz, 1H), 4.75 (d,= 4.6 Hz, 1H), 4.87 Imine 3f (2.000 g, 7.958 mmol) reacted with adi@to give
(d,J=14.9 Hz, 1H), 5.76 (dl= 4.6 Hz, 1H), 7.13-7.35 (m, 2.319 g (83%) of purbf as colorless crystals after recrystal-
10H). —13C NMR (CDCEL, 100 MHz):d/ppm = 19.7 (q), 44.4  lization from diisopropyl ethengp. 144—145 °C). 1H NMR

(1), 60.7 (d), 77.2 (d), 127.9 (d), 128.2 (2d), 128.4 (d), 128.6CDCl;, 400 MHz):d/ppm = 1.89 (s, 3H), 2.09 (s, 3H), 3.78
(d), 128.7 (d), 132.3 (s), 134.3 (s), 164.5 (s), 168.9 (s). (s, 3H), 4.85 (dJ = 5.1 Hz, 1H), 6.01 (d] = 5.1 Hz, 1H),
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6.63 (s, 1H), 6.87 (d] = 9.0 Hz, 2H), 7.21-7.27 (m, 3H), 1H), 4.80 (d,J = 2.4 Hz, 1H), 6.36 (ddJ = 3.4 Hz,2J =
7.35 (t,J= 7.5 Hz, 2H), 7.40 (d] = 9.0 Hz, 2H). 13C NMR 1.8 Hz, 1H), 6.46 (d1= 3.4 Hz, 1H), 6.75 (d1= 9.1 Hz, 2H),
(CDCl;, 100 MHz):d/ppm = 14.9 (q), 20.3 (q), 55.4 (q), 64.4 7.14—7.51 (m, 8H). 23C NMR (CDCk, 100 MHz):d/ppm =

(d), 75.8 (d), 114.4 (d), 118.3 (d), 127.2 (d), 128.3 (d), 128.8%5.4 (q), 56.3 (d), 58.3 (d), 110.4 (d), 110.8 (d), 114.2 (d),
(d), 130.6 (s), 130.8 (s), 131.5 (d), 136.5 (s), 156.6 (s), 161.418.6 (d), 128.1 (d), 129.2 (d), 129.8 (s), 130.6 (s), 131.8 (d),
(), 169.4 (s). — IR (CDG): Vpadenm=1761, 1516, 1221. — 143.6 (d), 148.8 (s), 156.4 (s), 162.5 (s). — IR (GCI
HRMS for GyH,;NO, (M*): calcd.: 351.1470, found: v, /cm1=1761, 1500, 1390, 1249.

351.1483.
cis-3-Acetoxy—1-(4-methoxyphenyl)-4-(1,1-dimethylethyl)-2-C'S'l'(4'Methoxyphenyl)_3'phenylmethyloxy'4'phenyl'Z'aze'

azetidinong5q) tidinone(84)

Imine 3g(2.000 g, 10.456 mmol) reacted with adato give  Imine3a(0.500 g, 2.367 mmol) reacted with adidito give
1.001 g (33%) of purBg as colorless crystals after recrystal- 0-585 g (69%) of pur8a[18] as colorless crystals after re-
lization from diisopropy! ether : THE = 3:In(p. 186—  Crystallization from ethyl acetaten(p. 197-198 °C). —
189 °C). —'H NMR (CDCk, 400 MHz): &/ppm = 1.01 (s, ‘H NMR (acetoness, 400 MHz):dppm = 3.73 (s, 3H), 4.24
9H), 2.18 (s, 3H), 3.79 (s, 3H), 4.24 {5 5.5 Hz, 1H), 6.15  (d,J=11.3 Hz, 1H), 4.42 (d] = 11.3 Hz, 1H), 5.18 (d] =
(d,J = 5.5 Hz, 1H), 6.88 (d) = 9.1 Hz, 2H), 7.29 (dJ = 5.1 Hz, 1H), 5.50 (d] = 5.1 Hz, 1H), 6.83—-7.54 (m, 14H).
9.1 Hz, 2H). 13C NMR (CDCE, 100 MHz): d/ppm = 20.9 )

(), 26.6 (q), 34.7 (s), 55.4 (q), 66.9 (d), 73.4 (d), 114.2 (d)HydronS|s of the Acetoxy Group (General Procedure)

122.0 (d), 129.9 (s), 157.1 (s), 164.0 (s), 169.3 (S). — IRA 504 solution of the acetyl compousd1 equiv.) was dis-
(CDCL): vgfcnmt = 2961, 1747, 1516, 1235, 1123. — gq)yed in THF and cooled to 0 °C. The reaction mixture was
HRMS for CgH;NO, (M¥): caled.: 291.1470, found:  gjowly treated with half the volume ofiXOH and stirred at
291.1490. 0 °C until TLC indicated complete conversion (usually about
L ) 1 h). After addition of water the solution was extracted with
2-(4-Methoxyphenyl)-3-phenyl-5,8-dithia-2-azaspiro[3.4] ethyl acetate. The combined organic layers were washed with
octan-1-ong6a) brine, dried over magnesium sulfate, filtered, and evaporated

Imine 3a(0.500 g, 2.367 mmol) reacted with adilto give ~ t0 dryness.
0.698 g (86%) of puréaas colorless crystals after trituration o
with methanol f.p. 230-232 °C). “H NMR (CDCl, cis-3-Hydroxy-1-(4-methoxyphenyl)-4-phenyl-2-azetidinone
400 MHz): dppm = 3.11—3.49 (m, 4H), 3.75 (s, 3H), 5.30 (s, (23)
1H),6.79 (d)=9.2 Hz, 2H), 7.23—7.41 (m, THENMR  compoundsa (0.200 g, 0.677 mmol) was hydrolyzed accord-
(CDCly, 100 MHz):d/ppm = 39.8 (1), 40.1 (1), 55.4 (0), 69.5 g to the above procedure to give 0.140 g (77%Qadfl9]
(d), 74.1 (s), 114.3 (d), 119.0 (d), 126.9 (d), 128.8 (d), 129.L,5 colorless crystalsnp. 204—208 °C). 2H NMR (DMSO-
(d), 130.5 (s), 134.6 (s), 156.4 (s), 162.4 (s). — IR (GPCI dg, 400 MHz): &/ppm = 3.68 (s, 3H), 5.16 (d&] = 7.0 Hz,
Vma/CMt = 1754, 1510, 1256, 1156. HRMS for  2j-5 1 Hz, 1H), 5.29 (d}= 5.1 Hz, 1H), 6.09 (dl= 7.0 Hz,
C1gH17/NO,S, (M*): caled.: 343.0701, found: 343.0698. 1H), 6.88 (d,) = 8.8 Hz, 2H), 7.20 (d] = 8.8 Hz, 2H), 7.27—

_ , 7.37 (m, 5H). £3C NMR (DMSO4s, 100 MHz): dppm =
trans-1-(4-Methoxyphenyl)-3-phenylthio-4-(2-thienyl)-2-aze-55 > (q), 61.8 (d), 76.8 (d), 114.4 (d), 118.2 (d), 127.7 (d),
tidinone(7c) 128.0 (d), 128.1 (d), 130.7 (s), 134.9 (s), 155.6 (S), 166.3 (S).

Imine 3c (2.000 g, 9.204 mmol) reacted with adidto give A A . avatidi
1.997 g (59%) of puréc as colorless crystals after flash col- cis-3-Hydroxy-4-phenyl-1-(phenylmethyl)-2-azetidin(itiy

umn chromatography (silica gel, petroleum ether : ethyl acePrecursobb (2.200 g, 7.449 mmol) was hydrolyzed accord-
tate = 8:1 to g:lpgrét(dient e%utic?n)mp. 103-106 °C).y— ing to the above procedure to give 1-889)9 (991°/®bc{ﬂ6,

1IH NMR (CDCl;, 400 MHz):8/ppm = 3.72 (s, 3H), 4.40 (d, 17] as colorless crystalsn(p. 116—120 °C). H NMR

= 2.5 Hz, 1H), 5.05 (d] = 2.5 Hz, 1H), 6.76 (] = 9.1 Hz, ~ (PMSO-s, 400 MHz):dppm = 3.91 (dJ) = 15.4 Hz, 1H),
2H), 6.96—7.53 (m, 10H). 33C NMR (CDCh, 100 MHz): ~ 4-64-4.68 (m, 2H), 5.02 (di) = 4.8 Hz.2) = 7.0 Hz, 1H),
&ppm =55.4 (q), 59.4 (d), 62.4 (d), 114.3 (d), 118.8 (d), 126.9-9° (d.J = 7.0 Hz, 1H), 7.15-7.36 (m, 10H).“C NMR

(d), 126.4 (d), 127.4 (d), 128.1 (d), 129.2 (d), 130.4 (s), 132.6PMSO-ds, 100 MHz):dppm = 43.4 (1), 62.1 (d), 77.9 (d),
(5) 132.3 (d), 140.1 (s), 156.5 (). 162.3 (3). — IR (GPCI 127-4 (d), 127.7 (d), 128.0 (2d), 128.3 (d), 128.6 (d), 135.1
VmadCmTL = 3059, 1756, 1519, 1381, 1249. — HRMS for (), 135.8 (s), 169.0 (s).

Ca0H17NO,S; (M*): Caled. 367.0701, found: 367.0689. 3-Hydroxy-1-(4-methoxyphenyl)-4-(2-thienyl)-2-azetidinone

. (29)
';ir(zjair:%-sé(é-el):uryI)-1-(4-methoxyphenyl)—3-phenylth|o—2—aze-The mixture otis-andtrans-5¢ (2.00 g, 6.35 mmol) obtained

from the above cyclization was hydrolyzed according to the
Imine 3e (2.000 g, 9.939 mmol) reacted with adicito give  general procedure to give 1.20 g (92%)cisftrans2c as
2.441 g (70%) of pur@eas colorless crystals after flash col- colorless crystals;is-2c. —H NMR (DMSO-dg, 200 MHz):
umn chromatography (silica gel, petroleum ether : ethyl acedlppm = 3.74 (s, 3H), 5.18 (d= 4.9 Hz, 1H), 5.50 (d=4.9
tate = 8:1 to 3:1 gradient elutiom.p. 90—93 °C). 1H NMR Hz, 1H), 6.81 (dJ = 9.2 Hz, 2H), 7.02 (ddiJ = 5.1 Hz,
(CDCls, 400 MHz):0/ppm = 3.71 (s, 3H), 4.59 (= 2.4 Hz, 2J = 3.6 Hz, 1H), 7.14-7.15 (m, 1H), 7.28 (= 9.2 Hz,
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2H), 7.37 (dd1J = 5.1 Hz,2J = 0.9 Hz, 1H). -13C NMR ing to the above procedure to give 0.725g (94%2gas
(DMSO-ds, 50 MHz): d/ppm = 53.8 (q), 57.4 (d), 75.8 (d), colorless crystals ngp. 204—205 °C). 1H NMR (CDCl,
112.8 (d), 117.1 (d), 124.8 (d), 125.4 (d), 126.0 (d), 129.2 (s)400 MHz):d/ppm = 1.07 (s, 9H), 3.78 (s, 3H), 4.050&;5.3
136.5 (s), 154.6 (s), 164.6 (§ans2c. —H NMR (DMSO-  Hz, 1H), 5.05 (dd'J = 5.3 Hz,2) = 6.5 Hz, 1H), 5.68 (dl =

ds, 200 MHz): dppm = 3.74 (s, 3H), 4.65-4.70 (m, 1H), 6.5Hz, 1H), 6.86 (dl=9.1 Hz, 2H), 7.30 (d,= 9.1 Hz, 2H).
5.16-5.23 (m, 1H), 6.81 (d,= 9.2 Hz, 2H), 7.01-7.07 (m, —13C NMR (CDC}, 100 MHz):dppm = 26.8 (q), 34.5 (s),
1H), 7.16—7.32 (m, 3H), 7.48-7.55 (m, 1H)13%c NMR  55.1 (q), 67.3 (d), 75.4 (d), 113.7 (d), 121.2 (d), 130.5 (s),
(DMSO-ds, 50 MHz): d/ppm = 55.2 (q), 60.9 (d), 84.5 (d), 156.2 (s), 168.4 (s). — IR (CDQ1v,,,/cm1=3298, 1719,
114.4 (d), 118.8 (d), 126.4 (d), 126.7 (d), 126.9 (d), 130.1 (s)1516, 1256, 1039. — HRMS for;§;iNO; (M*): calcd.:
140.5 (s), 155.9 (s), 165.7 (s). 249.1365, found: 249.1369.

cis-3-Hydroxy-1-(4-methoxyphenyl)-4-(3-thienyl)-2-azetidi-
none(2d)

Precursobd (1.500 g, 4.726 mmol) was hydrolyzed accord- )
ing to the above procedure to give 0.956 g (74%}cas  Phosphorous pentoxide (B, 1.5 eq.) was added to dry
colorless crystals after trituration with diisopropyl et~ DMSO and stirred for 10min. The alcotiin little DMSO
212-215 °C). 2H NMR (CDCl, 400 MHz): 3.76 (s, 3H), Was added and the resulting mixture (approx. 5% solution of
5.14 (d,J = 5.0 Hz, 1H), 5.34 (d]= 5.0 Hz, 1H), 6.81 (d] = starting material) was stlrreq at room temperature until TLC
9.1 Hz, 2H), 7.08 (dJ = 5.0 Hz, 1H), 7.21-7.31 (m, 3H), indicated complete conversion (usually 24 h). After hydroly-
7.40 (dd XY = 5.0 Hz,2J = 2.9 Hz, 1H). 23C NMR (CDCE, sis with cooled saturated sodium bicarbonate solution and
100 MHz): dppm = 55.4 (q), 58.7 (d), 76.6 (d), 114.4 (d), €xtraction with ethyl acetate the combined organic layers were
118.8 (d), 124.1 (d), 126.6 (d), 127.3 (d), 130.5 (s), 134.9 (s)vashed three times with brine to remove DMSO, dried over
156.5 (s), 156.9 (s). — IR (CDlv,/cnrt = 1726, 1523,  Magnesium sulfate, filtered, and evaporated.

1256. — HRMS for H1aNO5S (M*): caled. 275.0616, found:

Oxidation with Phosphorous Pentoxide (General Proce-
dure)

275.0616. 1-(4-Methoxyphenyl)-4-phenyl-2,3-azetidindidfe)
3-Hydroxy-1-(4-methoxyphenyl)-4-(2-furyl)-2-azetidinone Alcohol 2a (30 mg, O.lll_mmol) was oxidized according to
(2¢) the above procedure to give 27 mg (90%) @f5] as yellow

crystals fn.p. 124—126 °C). 4H NMR (CDCk, 400 MHz):
ppm = 3.78 (s, 3H), 5.55 (s, 1H), 6.87 J& 8.8 Hz, 2H),
.29-7.40 (m, 5H), 7.42 (d,= 8.8 Hz, 2H). -13C NMR

(CDCl;, 100 MHz): d/ppm = 55.5 (q), 74.9 (d), 114.8 (d),

The mixture ofcis- andtrans-5e (5.00 g, 16.56 mmol) was

hydrolyzed according to the above procedure to give 3.95

(92%) ofcis/trans2eas colorless crystalsis-2e. —H NMR

(CDCls 200 Mrz):appm = 32 (s, A1), 3.76.(5, 30, 595~ 1168 (), 126.4 (d), 129.4 (d), 129.5 (d), 129.9 (s), 13L.7 (s),
30 (m, 2H), 6.40-6.55 (m, 2H), 6.82¢: 9 Hz, 2H), 730 g0 1 1600 (8 1907 ()

(d,J = 9 Hz, 2H), 7.45—7.50 (m, 1H).:3C NMR (DMSO- D (8), 100.018), 190.743).

ds, 50 MHz): dlppm = 54.9 (q), 56.1 (d), 76.9 (d), 109.4 (d), 4-Phenyl-1-(phenylmethyl)-2,3-azetidindiofi®)

109.7 (d), 113.8 (d), 117.8 (d), 130.5 (s), 142.6 (d), 148.4 (S)product2b (1.800 g, 7.106 mmol) was oxidized according to

155.6 (s), 165.7 (sjrans2e. —tH NMR (CDCk, 200 MH2):  the ahove procedure to yield 1.780g (99%]Lbfas yellow

dppm = 3.74 (s, 3H), 4.92 (d= 2 Hz, 1H), 5.05-5.20 (M, 4| after chromatographic purification (silica gel, petroleum

2H), 6.40-6.55 (m, 2H), 6.79 (d= 9 Hz, 2H), 7.25 () = ether : ethyl acetate = 3:1)H NMR (CDCl, 400 MHz):

9 Hz, 2H), 7.40-7.43 (m, 1H). C NMR (DMSO4ds,  gppm = 4.19 (dJ = 14.7 Hz, 1H), 4.92 (s, 1H), 5.17 (i

50 MHZ)I 5/ppm =549 (q), 58.4 (d), 80.6 (d), 109.4 (Zd), 14.7 Hz, 1H), 7.15—-7.50 (m’ 1OH)_13C NMR (CDCE,

113.8 (d), 118.0 (d), 130.4 (s), 142.8 (s), 149.1 (s), 155.7 (S}00 MHz): dlppm = 45.3 (1), 73.3 (d), 126.8 (d), 128.6 (d),

165.7 (s)- 128.9 (d), 129.1 (d), 128.3 (d), 129.5 (d), 131.7 (s), 133.2 (s),
, 163.7 (s), 193.0 (). — IR (CD§Wna/cnr = 3032, 2927,

cis-3-Hydroxy-1-(4-methoxyphenyl)-4-(3-phenylprop-2-en-1 822 " 1756, 1466, 1335, 1308, 1137. — HRMS for

2-yl)-2-azetidinong2f) C16H13NO, (M*): caled.: 251.0946, found: 251.0930.

Compoundbf (1.700 g, 4.838 mmol) was converted accord'1-(4-I\/Iethoxyphenyl)-4-(2-thienyI)-2,3—azetidindic(|1e)
ing to the above procedure to give 1.425 g (95%)fcds The mixture ofis-andtrans2¢ (1.60 g, 5.82 mmol) obtained
colorless crystalsnf.p. 173—174 °C). 1H NMR (CDCl, € ure otis-andtrans2c(1.60g, 5.

L : -0 ;
. — from the hydrolytic step was oxidized according to the above
?c? %l\ilHArz{)a.a/gprlnH) 159185(‘?d§?): igﬁ_fg% 35;741(323'_1?4)4 '72procedure to give 1.09 g (69%) I as yellow crystals after
; ' ’ P ' ' ' ! | hromatographic purification (silica gel, petroleum ether :
6.54 (s, 1H), 6.84 = 9.1 Hz, 2H), 7.21-7.37 (m, 5H), ¢ o
739 Ed,J :)9_1 Hz,(d%H). J3c NMR) (CDCL, 100 (MHz):) ethyl acetate = 2:1)n(p. 48—50 °C). *H NMR (CDCl,
Jppm = 15.9 (q), 55.4 (), 65.2 (d), 77.1 (d), 114.4 (d), 118.520 QAHHZ)%%B’W?‘ 103'80 (i'H?’H;' ;‘:‘681”(_5’312%6'819#@'3;6
(d), 127.0 (d), 128.2 (d), 129.0 (d), 129.3 (d), 130.9 (s), 131.§'% 2H), 7.03=7.10 (m, 1H), 7.16 (@=38 Hz, 1H), 7.
(s). 136.5 (). 156.4 (), 166.0 () d,J = 4.5 Hz, 1H), 7.51 (d] = 9.1 Hz, 2H). 23C NMR
PEUEE AR, AR AR, SRR A (CDCl;, 50 MHz):dppm = 55.4 (), 70.4 (d), 114.6 (d), 119.6
e 1A R 5 .(d), 127.0 (d), 127.1 (d), 127.3 (d), 129.4 (s), 134.6 (s), 158.0
o d'l*nyg;‘;()‘g )1 (4-methoxyphenyl)-4~(1, 1-dimethylethyl)-2- "1 59 4 () 189.7 (s). IR (CDEbafcrm = 1839, 1768,
g 1516, 1256, 842. HRMS for C4H,;NOsS (M¥): caled.:
Compoundbg (0.900 g, 3.089 mmol) was hydrolyzed accord- 273.0459, found: 273.0441.

J. Prakt. Chen00Q 342 No. 6 589



M. D. Mihovilovic et al.

PROCEDURES/DATA
1-(4-Methoxyphenyl)-4-(3-thienyl)-2,3-azetidindigii€) (2]
Alcohol 2d (0.700 g, 2.542 mmol) was oxidized according to [3]
the above procedure to give 0.560 g (81%])aas yellow [4]
crystals after chromatographic purification (silica gel, petro-
leum ether : ethyl acetate = 2:Ij.p. 102-105 °C). —

IH NMR (CDCJ, 400 MHz):d/ppm = 3.79 (s, 3H), 5.67 (s,

1H), 6.89 (d,J = 9.1 Hz, 2H), 7.02 (ddJ = 5.1 Hz,2) = 5]

1.4 Hz, 1H), 7.34 (dd,) = 3.0 Hz2) = 1.4 Hz, 1H), 7.38 (dd,
1J= 5.1 Hz,2J = 3.0 Hz, 1H), 7.48 (d) = 9.1 Hz, 2H). —  [6]
13C NMR (CDC}, 100 MHz): d/ppm = 55.5 (), 70.9 (d),

114.7 (d), 119.6 (d), 124.1 (d), 125.0 (d), 127.9 (d), 129.9 (s),

132.9 (s), 158.0 (s), 159.6 (s), 190.5 (s). — IR (CRCL )
Vma/Cnml = 1825, 1761, 1516, 1256, 1116HRMS for

C14H11NO3S (MH): caled.: 273.0459, found: 273.0446. [8]
4-(2-Furyl)-1-(4-methoxyphenyl)-2,3-azetidindiofie) [l
The mixture ofcis- andtrans2e (3.95 g, 15.25 mmol) was [10]

oxidized according to the above procedure to give 2.96 g
(76%) of 1e [20] as yellow crystals after chromatographic
purification (silica gel, petroleum ether : ethyl acetate = 3:1)[11]
(m.p. 89-91 °C). *H NMR (CDCkL, 200 MHz): dppm =

3.80 (s, 3H), 5.63 (s, 1H), 6.37—-6.46 (m, 1H), 6.53—-6.60 (m,
1H), 6.90 (dJ = 9 Hz, 2H), 7.40-7.55 (m, 3H)C NMR
(CDCls, 50 MHZz):dlppm =55.4 (q), 68.1 (d), 111.0 (d), 111.6
(d), 114.7 (d), 119.3 (d), 130.0 (s), 144.3 (d), 145.3 (s), 158.
(s), 159.8 (s), 189.3 (s).

1-(4-Methoxyphenyl)-4-(3-phenylprop-2-en-2-yl)-2,3-aze-
tidindione (1f)

Alcohol 2f (1.000 g, 3.232 mmol) reacted according to the[15]
above procedure to give 0.811 g (82%)16f21] as yellow
crystals after recrystallization from diisopropyl etherp,  [16
92-94 °C). 1H NMR (CDCl, 400 MHz):dppm = 1.86 (s, [17]
3H), 3.82 (s, 3H), 5.14 (s, 1H), 6.71 (s, 1H), 6.94)d;
9.4 Hz, 2H), 7.27-7.35 (m, 5H), 7.61 (= 9.4 Hz, 2H). - 1]
13C NMR (CDCE, 100 MHz): d/ppm = 13.9 (q), 55.5 (q),

76.7 (d), 114.8 (d), 119.1 (d), 127.5 (d), 128.4 (d), 129.0 (d),
129.4 (s), 130.6 (s), 131.7 (d), 135.8 (s), 158.1 (s), 159.9 (S),
193.4 (s). [19]

1-(4-Methoxyphenyl)-4-(1,1-dimethylethyl)-2,3-azetidindi- 120}
one(1g)

Compound2g (0.700 g, 2.808 mmol) was oxidized accord- [21]
ing to the above procedure to give 0.811 g (85%)gés

yellow crystals after recrystallization from diisopropyl ether
(m.p. 130—-131 °C). 1H NMR (CDCl, 400 MHz):d/ppm =

1.03 (s, 9H), 3.81 (s, 3H), 4.54 (s, 1H), 6.92)d, 8.8 Hz,

2H), 7.43 (d,J = 8.8 Hz, 2H). 13C NMR (CDCk, 100 MHz):

dppm = 26.0 (q), 35.2 (s), 55.5 (q), 80.4 (d), 114.4 (d), 121.4
(d), 129.6 (s), 158.4 (s), 161.0 (s), 195.7 (s). — IR (CHIC1
Vma/Cnm1=2967, 1815, 1762, 1604, 1512, 126 HRMS
for Ci4H1705N (M*): calcd. 247.1208, found: 247.1204.
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