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ABSTRACT

Multicomponent reaction in water was used to prepare a series of triazole
substituted trans-beta-lactams from the corresponding trans-4-acetoxy-
lactam, sodium azide, and alkynes via a Cu(l)-catalyzed click chemistry
with base free. This highly stereo and regioselective procedureis simple,
© 2013 Trade Sciencelnc. - INDIA

clean and efficient.

INTRODUCTION

Theintroduction of beta-|actam antibioticsinto the
hedlth care systemin thelatter stages of World War |1
represents one of the most important contributionsto
medica scienceinrecent history. Today, beta-lactams
remain themost widdly utilized antibioticsowing to
their comparatively high effectiveness, low cost, ease
of delivery and minimal side effects. beta-lactamstar-
get transpepti dase enzymesthat synthesi ze the bacte-
rial cell wall. The desirabl e attributes of thisclass of
antibiotic arisefrom thefactsthat these enzymesare
localized to the outer | eeflet of the bacteria cytoplas-
mic membrane(i.e. arerelatively accessible) and that
they are specificto bacteria(with nofunctiond or struc-
tural counterpart inthe human host)*2. Inapractica
sense, thelow cost of production of beta-lactam anti-
bioticsallowsfor awideavailability; thus, itisimpera:
tivethat we preservethe power of thisvauableclini-
cal resource. beta-L actam (azetidinones) derivatives
areimportant compoundsthat attract significant re-
searchinterestsfrom both synthetic and pharmaceuti-
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cal areas®*¥. The beta-lactam nucleusis considered
to beageneral lead-structurefor the design and syn-
thesisnot only of new antibacterial products, such as
carbapenems, carbacephems, and monobactams®,
but a so of new inhibitorsof enzymescontainingaserine
nucleophileintheir activesite, like betarl actamases®,
human leukocyte elastase and chol esterol absorption
inhibitors”8. Therefore the search for new
functionalized beta-lactam with potentid clinica use-
fulnesswould be continued. Owing to the presence of
severa stereocenterswhose correct configurationis
crucial for pharmacological activity; thereisaneed
for highly stereosd ective syntheses of thesemol ecules.
The copper catalyzed 1,3-dipolar cycloadditions of
organic azideswith terminal alkynesfor the synthesis
of triazoles® hasbeen widdly used in variousfields,
ranging from bioorganic and medicinal chemistry to
materia ssciencefor itsremarkableefficiency and high
regiosel ectivity’tl, Recently, anovel family of sac-
charide beta-lactam hybridsfor lectin inhibition has
been built via click reaction which displayed full ano-
mer and configuration control. Nowadays, the multi-
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component reactions (M CRs) involving domino pro-
cesseswith at least three different simple substrates
have emerged as apowerful strategy. These method-
ologiesallow molecular complexity and diversity to
be created by thefacileformation of several new co-
vaent bondsin aone-pot transformation quiteclosely
approaching the concept of anideal synthesis. Also,
the MCRsareparticularly well-adapted for combina-
torial synthesis. Asapart of our program aiming at
new approachesto diverse heterocycles, we devel -
oped astereo- and regiosel ective method for the syn-
thesisof triazole substituted beta-|actams via copper-
catal yzed three-component click reaction of 4-acetoxy
beta-lactam, sodium azide and alkynes.

RESULTSAND DISCUSSION

Preparation of (2S)-1-(2-hydroxy quinoxain-3yl
amino)-3-chloro-4-oxoazetidin-2yl acetate:

Toasolution of 3-hydroxy-2(p-methoxy benzylidine
hydrazine) quinoxaline (0.01mol) in dry dioxanewas
addedtowell stirred mixtureof triethylamine(0.012mol)
and chloroacetylchloride (0.012mol) and acetic acid at
low temperature. Theresulting solid was crystalized
from chloroform-methanol mixtureto give pure (2S)-
1-(2-hydroxy quinoxalin-3yl amino)-3-chloro-4-

CL.
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oxoazetidin-2yl acetate.

Yield 60%; m.p. 147°C; IR(KBr, V__, cm™)
3257(-NH str), 1759(beta-lactam ring C=0 str),
1610(C=N str), 1496(-NH def), 1040(-COCH); H
NMR (DMSO-d,): § 2.69 (s, 3H, CH,), 4.97 (d, 1H),
3.89 (s, 3H, -OCH,), 6.92-7.8(m, 4H), 7.0 and 7.22
(d, 2H, quinoxalinering protons), 8.2 (hr, 1H), 8.4(s,
1H, N=CH-) and 9.11 (s, 1H, -NH-N)ppm.

Initidly, (29)-1-(2-hydroxy quinoxain-3yl amino)-
3-chloro-4-oxoazetidin-2yl acetate (1), aconvenient
sourceof alabile azetidinonewhich hastaken partin
coupling reactionswith nucleophilesleading to many
novel systemsof biological interest, was used to react
withsodium azidein CH_CN. Wewere pleased tofind
that 4-azide substituted trans- beta-lactam 2 was
formedinnearly quantitativeyield (Scheme2) with 4-
position stereo configuration retention. Compared with
Kita’s method, Znl, catalyzed substitution of trans-4-
aulfinylazetidin-2-onewith 2-hydroxyl quinoxain-3yl
amino, the present method provided apractical and
convenient routeto (25)-1-(2-hydroxy quinoxalin-3yl
amino)-3-chloro-4-oxoazetidin-2yl ecetate, whichisthe
key intermediate of anew classof beta-lactam deriva
tives bearing 4-heterof unction scaffol ds. Fortunately,
water could be used to take placeof CH.CN asaclean
medium and afforded 2in 95% yield.

CLL,

l NH,NH,,H,0

Ny _OCOCH, CH3COOH @ I
N,NH2

Schemel1: Preparation of (29)-1-(2-hydr oxy quinoxalin-3yl amino)-3-chlor 0-4-oxoazetidin-2yl acetate.
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Scheme 2 : Serioselective synthesisof 4-azidesubstituted transbeta-lactum

Asweenvisioned that aCu(l)-catalyzed click re-
action of 2withtermina alkynewouldleadtotriazole
subgtituted beta-lactams. Phenyl acetyl ene 3awasused
toidentify the optimum reaction condition (TABLE 1).
Thebest result was obtained in presenceof acataytic
amount of Cul (5mol%) in CH_CN at 70°C with 95%
yield (TABLE 1, entry 2). At room temperature, the
reectionledtodight yield decreasingand timeprolong-
ing (TABLE 1, entry 3). Regarding to sol vent, EtOH
performedfairlywell (TABLE 1, entries4), while THF,
CH,CI, andtoluenewerelesseffective(TABLE 1, en-
tries 1, 5 and 6). It was aso found that Cul, asthe
cadys, wascrucid for thereactionwhile CuCl worked
inlower activity. It isnoteworthy that the present click
reaction proceeded without base addition. Most im-
portantly, inweter, thereaction successfully carried out
inhighyidd (95%). Combined with thestep for prepa:
ration of 2inwater, thisresult suggestsaone-pot two
step procedurefor the synthesis of triazol e substituted
beta-lactams.

Although organic azidesare stableagainst most re-
action conditions, the compounds of low molecular
weight or those containing several azidestendto be
explosiveand aredifficult to handle. Thus, somepro-
ceduresfor thegeneration of azidein situ followed by
azide-alkyne cycloaddition have been reported. With
the successin hand, therefore, we probed amodul ar
synthesis of triazoles applying a MCRs protocol
(Scheme 3). Asexpected, in water without i ol ation of

azide 2, thereaction smoothly afforded the correspond-
ing product 4ain excellent yield (95%) in shortened
time(TABLE2, entry 1).

TABLE 1: Optimization of conditionsor click reaction.

Entry Catalyst Solvent Time(h) Yield (%)
1 ZnCl, THF 7 60
2 ZnCl, DMSO 45 90
3 ZnCl, DMSO 15 92
4 ZnCl, CHsCH,OH 6.5 86
5 ZnCl, CH,Cl, 22 Trace
6 ZnCl, Toluene 24 Trace
7 ZnCl, DMSO 25 Trace
8 ZnCl, DMSO 24 88
9 ZnCl, H,O 35 90

All reaction werecarried out on a 1 mmol scale; 1.1 equiv. of 3a
was used in 10 ml solvent at 70°C unless other state.

Furthermore, the crude product could be obtained
by smplefiltration. Inspired by these excellent results
we expanded the scope of thereaction regarding the
termina akyneswhich containingvariousfunctiondities.
AsshowninTABLE 2, dl of thesubstratesgave clean
reactionsunder mild conditionsand tolerated functiona
groups, such as hydroxyl, cyclopropyl, ester, ether,
amidegroups. No significant differencewas observed
for akynessubgtituted with akyl, phenyl, electron-do-
nating or electron-withdrawing group. Theyieldsre-
mained good to excellent, and regiosdl ectivity was ex-
clusive: only 1,4-regioisomeric productswereformed.
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Our mechanistic proposalsare depicted in Scheme4.
The nucleophilic component, NaN.,, also as a basg,
underwent thereactionwith 1toyidd 2 viaacyliminium
intermediate (A). Subsequently, aclick reaction with
Cu(l) acetylide B generated from alkyne 3inthe pres-
ence of Cul ascatayst to afford triazolyl copper spe-

ciesD viametallocycle C, followed by aprotonation
tofurnishtriazolesubgtituted beta-lactams. Herein, water
appearsto bean ideal solvent capable of supporting
Cu(l) acetylideB initsreactive state, especidly whenit
isformed in situ. So this three component reaction
performed smoothly inwater inhighyields.

CUI(5mol%)

H,0,70% 42

___ Cul(5%mol) @[

R
H,0, 70%
:<?‘—N/§r

Scheme 3: One-pot three-component synthesisof 4a.
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Scheme4 : M echanism or thethr eecomponent synthesis.
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TABLE 2: One-pot synthesisof triazole substituted beta-
lactamsinwater from 1, sodium azideand alkynes.

Yield
(%)°

T|me Product
(min)

Entry Alkyne

1 150 4a 93

Y

150 4b 95

N
Q)

N
I

m

3 H3CO 150 4c A

7

300 4d 87

@)
~

I
©

300 4e 85

300 4f 80

ﬂ

330 4 94

T
O

330 4h 86

1

9 330 4 83
HsCO
(@]

10 >—: 330 4 86
C,Hs0

330 4k 90

o] /{
NH
12 >: 120 4 92

All reaction werecarried out on a1 mmol scale; equiv molar of
1, sodium azide and alkyne were used with 5 mol% Cul in 10
ml water at 70°C. lsolated yield based on 1.

In conclusion, we have devel oped a stereo- and
regiosel ective method for the preparation of triazole
substituted trans- beta-lactamsfrom trans-4-acetoxy
beta-lactam, sodium azideand akynesinwater inhigh
yields(88~96%). Thisthree component procedure, via
Cu(l)-catalyzed click reaction with basefree, doesnot

—= Pyl Peper

requireisolation of the azideintermediatesand proves
to beexperimentally smpleand efficient.

EXPERIMENTAL

All chemicalswere reagent grade and used as pur-
chased. *H NMR spectrawererecorded at 500 MHz.
3C NMR spectrawere recorded at 125 MHz. Opti-
cal rotationswere measured on Perkin ElImer Model
341 withthesolventindicated. Mdting pointsweremee-
sured on aWRS-1B digital melting point apparatus.
Infrared spectrawererecorded asthin filmor in KBr.
M S spectrawererecorded with ESI ioni zation source.

Prepar ation of (25)-1-(2-hydr oxy quinoxalin-3yl
amino)-3-chlor o-4-oxoazetidin-2yl acetate

Toasolution of 3-hydroxy-2(p-methoxy benzylidine
hydrazine) quinoxaline (0.01mol) in dry dioxanewas
addedtowe |l gtirred mixtureof triethylamine(0.012moal)
and chloroacetyl chloride (0.012mol) and acetic acid at
low temperature. Theresulting solid was crystallized
frem chloroform-methanol mixtureto give pure (2S)-
1-(2-hydroxy quinoxalin-3yl amino)-3-chloro-4-
oxoazetidin-2yl acetate.

Yield60%; m.p. 147°C; IR(KBr, V__,cm)3257(-
NH str),1759(beta-lactam ring C=0 str), 1610(C=N
str), 1496(-NH def), 1040(-COCH); *H NMR
(CDCl,): 6 2.69 (s, 3H, CH,), 4.97 (d, 1H), 3.89 (s,
3H, -OCH,), 6.92-7.8(m, 4H), 7.0 and 7.22 (d, 2H,
quinoxaline ring protons), 8.2 (hr, 1H), 8.4(s, 1H,
N=CH-) and 9.11 (s, 1H, -NH-N)ppm; *C NMR
(CDCl,): 8 165.5, 67.6, 24.1,22.6, 19.1, -3.9,-4.8.

Representative experimental procedure for the
synthesisof compound 2

Ina100ml single necked flask, the mixtureof com-
pound 1 (10mmol, 2.87 g) and sodium azide (15 mmoal,
9.759) in 30ml CH,CN wasstirred and refluxed for
5h. The progressof thereactionwasmonitored by TLC
using ethyl acetatelhexane (1:3) asel uent. After comple-
tion, CH,CN wasremoved under vacuum. Thenthe
residue was dissolved in 80ml of ethyl acetate/H,O
(5:3), theorganiclayer was separated and the aqueous
layer was extracted with ethyl acetate (2x20 ml). The
combined organic layer wasdried over anhydrous so-
dium sulfateand concentrated under vacuum. Theresi-
duewaspurified by flash sllicagel chromatography elut-
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ing with EtOA c-ether (1:5) afforded 2.57 g of com-
pound 2in 95%yield.

White solid; [a] ;- +38.0(c 0.10, CH.CN); m.p.
70.9-71.2°C; MS(ESI): m/z 292.7 [M+Na]; IR
(KBr): 3174, 2105; 1770 cm; *H NMR (CDC.): §
6.34 (1H, br s-NH), 5.02 (1H, s, 4-H), 4.23 (1H, m),
3.15(1H, dd, J: 3.7, 1.4 Hz, 3-H), 1.23(3H, d, J :
6.4Hz), 0.88 (9H, s), 0.08 and 0.01 (total 6H, each s);
C NMR (CDCl,): 6 166.5, 66.7, 65.4, 64.2, 25.6,
22.6,18.1, -4.1, -4.9.

Representative experimental procedure for the
synthesisof compound 4afrom compound 2

Ina25ml single necked flask, themixture of com-
pound 2 (270 mg, 1 mmol), phenylacetylene (112 mg,
1.1 mmol) and Cul (0.05 mmol, 9.6 mg) in 10ml H,O
was stirred at 70°C under N, The progress of there-
actionwasmonitored by TLC using ethyl acetate/hex-
ane (1.3) aseluent. After completionthereaction, the
crude product was obtained by filtration and was puri-
fied by flash silicagel chromatography eluting with
EtOAc-ether (1:5) afforded 353mg of compound 4ain
95% yield. m.p. 114.6-115.4°C; MS(ESI): m/z
407.09(100%), 409.09(32.9%), 408.09(23.2); IR
(KBr): 3315, 1794, 1768, 1646, 1555, 1464cm*; H
NMR: 6 7.68(CH),5.9(H),5(0OH); *BCNMR: 6 125.5,
126.6, 137.5, 136.2; Elementd Anal. C,15.96; H,3.46;
Cl,8.69; N,24.04; O,7.85.

Representativeexperimental procedurefor one-
pot synthesisof compound 4afrom compound 1in
water

Ina25ml single necked flask, themixture of com-
pound 1 (287 mg, 1 mmoal), phenylacetylene (102 mg,
1 mmol), sodium azide 2 (1 mmol, 65 mg) and Cul
(0.05mmol, 9.6 mg) in10ml H,Owasstirred at 70°C
under N,,. The progress of thereaction was monitored
by TLC using ethyl acetate/hexane (1:3) aseluent. Af-
ter compl etion the reaction, the crude product was ob-
tained by filtration and waspurified by flash silicagel
chromatography eluting with EtOA c-ether (1:5) af-
forded 354mg of 4ain 95%yield.

() Compound 4b

Yield 95%; m.p. 51.8°C; MS(ESI): m/z
435.12(100%), 437.12(32.6%), 436.12(25.3%); IR
(KBr): 3448, 2960, 1786, 1259, 846 cm®; *H NMR:

@Wu'c CHEMISTRY co—

d 7.68 (CH), 5.9 (H), 5 (OH); *C NMR: 6 137.5,
125.5, 32.4, 14.6; Elemental Anal. C, 57.87; H, 4.16;
N, 22.49; O, 7.34; Cl, 8.13.
(b) Compound 4c

Yield 94%; m.p. 147.6-148.9°C; MS(ESI): m/z
437.10(100%), 439.10(33.1%), 438.10 (24.3%); IR
(KBr): 3384, 2958, 1778, 1254, 830 cm?; *H NMR:
6 7.71-7.73 (CH), 5.9 (H), 5 (OH), 3.73 (CH,); =*C
NMR: 6 137.5,125.5, 55.9; Elemental Anal. C, 54.86;
H, 3.68; Cl, 8.10; N, 22.39; O, 10.96.
(c) Compound 4d

Yield 87%; m.p. 70.6-71.1°C; MS(ESI): m/z
387.12(100%), 389.12(32.5%), 388.12(21.0%); IR
(KBr): 3209, 1778, 1750, 1358cm®; *H NMR: 6 7.68-
8.07 (CH),5.9(H), 5(0OH), 1.33(CH,), 0.96 (CH,);
BCNMR: 8 137.5,125.5,32.7, 14.1; Elemental Anal.
C, 52.65; H, 4.68; Cl, 9.14; N, 25.28; O, 8.25.
(d) Compound 4e

Yield 85%; m.p. 133.0-133.7°C; MS(ESI): m/z
371.09(100%), 373.09(32.8%), 372.09(20.0%). IR
(KBr): 3448, 1783, 1652, 1558, 1341cm™. 'H NMR:
0 7.68 (CH), 5.9 (H), 5 (OH), 0.63=0.38 (CH,).=*C
NMR: 8 137.5, 125.5, 8.2; Elemental Anal. C, 51.69;
H, 3.80; N, 26.37; Cl, 9.54; O, 8.61.
(e) Compound 4f

Yield 80%; m.p.133.8-134.5°C; MS(ESI): m/z
387.12(100%), 389.12(32.5%), 388.12(21.0%); IR
(KBr): 2961, 2936, 1780, 1047, 846 cm'; *H NMR:
0 7.68-8.07 (CH), 5.9 (H), 5 (OH), 1.4(CH,); =C
NMR: 6 137.5,125.5, 31.1; Elementa Anal. C, 52.65;
H, 4.68; Cl, 9.14; N, 25.68; O, 8.25.
(f) Compound 4g

Yield 94%; m.p. 124.0-125.8°C; MS(ESI): m/z
361.07(100%), 363.07(33.0%), 362.07(17.8%); IR
(KBr): 3392, 1777, 1445, 1142 cm*; *H NMR: &
7.68-8.07 (CH), 5.9 (H), 5 (OH), 4.79 (CH,), ©°C
NMR: 6 137.5, 125.5, 59.5; Elemental Anal. C, 46.48;
H, 3.34; Cl, 9.80; N, 27.10; O, 13.27.
(g) Compound 4h

Yield 86%; m.p. 137.3-137.9°C; MS(ESI): m/z
389.10(100%), 391.10(33%), 390.10(20%). IR

(KBr): 3217, 1776, 1752 cm®; *H NMR: 3 7.68 (CH),
5.9 (H), 5 (OH), 1.54 (CH,). ®C NMR: 5 137.5,
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125.5, 31.4; Elemental Anal. C, 49.30; H, 4.14; Cl,
9.10; N, 25.15; O, 12.31.

(h) Compound 4i

Yield 83%; m.p. 139.4-140.6°C; MS(ESI): m/z
389.06(100%), 391.06(32.4%), 390.07(16.5%); IR
(KBr): 2951, 1788, 1745, 1374, 1214, 1042 cmt; *H
NMR: 5 7.68 (CH), 5.9 (H), 5(0OH), 3.88 (CH,); *C
NMR: 6 137.5,125.5, 51.5; Elementd And. C, 46.22;
H, 3.10; Cl, 9.10; N, 25.16; O, 16.42.

(i) Compound 4j

Yield 86%; m.p. 142.1-143.9°C; MS(ESI): m/z
403.08(100%), 405.08(33.2%0), 404.08(20.0%); IR
(KBr): 2936, 1790, 1739, 1209, 1040 cm-1; *H NMR:
6 8.07 (CH), 5.9 (H), 5 (OH), 4.29 (CH,), 1.30
(CH,). BCNMR: 6 137.5,125.5,60.9, 14.1; Elemen-
tal Anal. C, 47.59; H, 3.49; Cl, 8.78; N, 24.28; O,
15.85.

(j) Compound 4k

Yield 90%; m.p. 79.1-80.9°C; MS(ESI): m/z
445.13(100%), 447.12(32.0%), 446.13(20.9%); IR:
3262, 2951, 1788, 1462, 1132, 832cm™; 'H NMR: &
7.68(CH),5.9(H),5(0H), 3.60 (CH,); ®*CNMR: &
137.5,1255,63.2; Elemental Anal. C,51.18; H, 4.52;
Cl, 7.95; N, 21.99; O, 14.35.

(k) Compound 41

Yield 92%; m.p. 95.1-97.2°C. MS(ESI): m/z
492.14(100%), 494.14(32.7%) 493.15(25.2%); IR
(KBr): 3317, 2958, 2930, 1775, 1376, 1252cm™; 'H
NMR: § 8.0(NH), 7.68(CH), 5.9 (H), 5 (OH), 1.19
(CH,); ®C NMR: § 137.5, 125.5, 19.7; Elemental
Andl. C, 56.04; H, 4.29; Cl, 7.19, N, 22.73; O, 9.74.

() Compound 6

Yield 93%; White solid; [a] ,*° +73.5 (c 0.10,
CH,CN); m.p.184.0-184.2°C; MS (ESI): m/z
309.2[M+Na'], 287.2[M+H"]; IR (KBr): 3448, 2960,
1786, 1259, 846 cm*; *H NMR: (d6 -DMS0): 5 9.04
(1H, br s, -NH), 8.87 (1H, s), 7.78 (2H, d, J = 7.9),
7.29(2H,d, J=7.9),6.15 (1H, s, 4-H), 5.19 (1H, -
OH), 4.05(1H, m), 3.64 (1H, m, 3-H), 2.61-2.66 (q,
2H, J = 7.5Hz), 1.17-1.22 (6H, m); *C NMR: (d6-
DMSO0): 6 167.0, 147.5,144.2,128.7, 128.4, 125.7,
119.8, 67.2, 63.5, 63.3, 28.4, 22.1, 15.9; Elemental
Anal. C, 62.92; H, 6.34; N, 19.57. Found: C, 62.81,
H, 6.38; N 19.61.
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