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Synthesis of p-Lactam Antibiotics and Their Antibacterial Activity

Seog Ki Hong, Jae Woo Nam, Kyung Tae Lee and Kwan Seog Sin*
College of Pharmacy, Kangweon National University, Chuncheon 200-701, Korea

Abstract— 6B-(trans-3-Aryl-5-oxo-pyrrolidin-2-yl)acetamidopenicillanic acid(7a~7c) and 7B-(trans-
3-Aryl-5-oxo-pyrrolidin-2-yl)acetamidocephalosporanic acid(8a~8c) were synthesized and tested in
vitro antibacterial activity. Of these new penicillins exhibited good antibacterial activity against
Gram-positive bacteria whereas none of the compounds possessed the activity against Gram-nega-

tive bacteria at the concentration tested.

Keywords [ ] 6B-(trans-3-Phenyl-5-oxo-pyrrolidin-2-yl)acetamidopenicillanic acid, 68-[trans-3-(p-Chlo-
rophenyl)-5-oxo-pyrrolidin-2-yl Jacetamidopenicillanic acid, 6B-[trans-3-(p-Bromophenyl)-5-oxo-pyr-
rolidin-2-ylJacetamidopenicillanic acid, 7p-(trans-3-Phenyl-5-oxo-pyrrolidin-2-yl)acetamidocephalos-
poranic acid, 7B-[trans-3-(Bromophenyl)-5-oxo-pyrrolidin-2-yl]acetamidocephalosporanic acid, anti-

bacterial activity
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aminopenicillanic acid(6-APA)<} 6 $]%] 2] amino?]
= 7-aminocephalosporanic acid(7-ACA)&} 7¥ $
Z2] amino7|ell oiz{7lA] s E =dAIZ wEl-
ghebA| PR 07F go] B aE

2 AA5& pyrrolidine 2l €z gl 3EE
Eo] Fan, FAd5an 5 oeiria Aol
slebar Ha7 el we} pyrrolidine Lejol] aryl7]E
=A)7Iw x| g-Ade] Frlsle] ¥ E Fridelet
Al7. 5 ¢} trans-3-Aryl-5-oxo-pyrrolidine-2-acetic acid
(6a-6c)E FA?sle] Vilsmer reagent™ ¥R acyl
chloride & wH& %, 6-APA ¥ 7-ACA& Hexamethyl-
disilazane(HMDS).2. 2 Trimethylsilylationd}led o] &
acyl chlorides} ®F-A1# M2 wel-hedA] 34
Al 6p-(trans-3-Aryl-5-oxo-pyrrolidin-2-yhacetami-

dopenicillanic acid(7a~7c¢) % 7B-(trans-3-Aryl-5-
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Table I— Antibacterial activity of synthetic compounds and commercial antibiotics.
Strains Compounds, MIC(ug/m{)

7a 7b 7c 8a 8b 8c Amp Cef
Bacillus subtilis ATCC 6633 0.31 0.63 0.63 5 5 5 0.63 25
Staphylococcus aureus ATCC 6538 0.08 0.16 0.16 10 10 10 0.16 10
Pseudomonas aeruginosa ATCC 25619 >40 >40 >40 >40 >40 >40 >10 10
Escherichia coli KCTC 1039 >40 >40 >40 >40 >40 >40 0.63 >0.08
Salmonella typhimurium HI. 12 >40 >40 >40 >40 >40 >40 0.63 0.31
Alcaligenes faecalis HI. 5 >40 >40 >40 >40 >40 >40 5 10

Amp: ampicillin Cef: cefotaxime

oxo-pyrrolidin-2-yl)acetamidocephalosporanic acid(8
a~80)% A WUHScheme ).

o] 3§EES  Gram-Aw(Bacillus  subtilis
ATCC 6633, Staphylococcus aureus ATCC 6538),
Gram-+-43 T (Pseudomonas aeruginosa ATCC 25619,
Escherichia coli KCTC 1039, Salmonella typhimu-
rium HL 12, Alcaligenes faecalis HL 5)of] o3&t 3
TEIE A KTable D.

AE Uy

7171 % Alb— 4 4H5-2 Fisher-Johns §3H&A
21& AHS-glom ofd tigk BAE A ¢k IR
2#H €8 e Perkin Elmer 783 spectrometer®, 'H-
NMR-2-#H E5]S TMSE WHEZEEAE & Bru-
ker AM-300¢} Varian Gemini-200°2.2. 3gic}h vk
o AHggE Aek2 F2 AldrichAFel Sigmarhel ##&
£ AHERe, Sl Fas dubxql uig o2 A A sl
Apg-sieh.

trans-3-Aryl-2-Hydroxymethyl-5-pyrrolidone(4)2}
4 —25 mmol trans-2-ethoxycarbonyl-3-aryl-5-pyr-
rolidone(3)% 400 m/ 5 ollebzel 347 o
Wl 8.3}l 41 42Fo] Borax$} 2.84g(75 mmol) sodium
borohydride & 7}t F AF2oA 2447} wubgic)
zhatslell A 4o & A AZ F chloroform/EE 5%
3t} chloroform® & & pH47t g 9712 o249
A H g}, 3o 2 @i-s v)sle] pH2E 3 ¥
chloroformo. 2 F%3ch. chloroform3-& #A o<
2y wtxg FES AAYDh stEld SelE
A 7%+ t}& ethylacetate/petroleum ether® A3
At

trans-2-hydroxymethyl-3-phenyl-5-pyrrolidone(4a)
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—80%, mp 86~87C (ethylacetate/petroleum ether),
IR(KBr, cm™"): 3410, 3300, 1680, 'H-NMR(CDCl,,
6=ppm): 2.67(m, 2H); 3.30(q, J=8.8 Hz, 1H); 3.53
(m, 1H); 3.77(m, 2H); 4.38(t, J=5.5, 1H, OH); 7.31
(m, 5H, aromat.); 7.59(s, 1H, NH)
trans-2-hydroxymethyl-3-(p-chlorophenyl)-5-pyrro-
lidone(4b)—87%, mp 134~135C (ethylacetate/pet-
roleum ether), IR(KBr, cm™"): 3400, 3220, 1680, 'H-
NMR(CDCl;, §=ppm): 2.58(m, 2H): 3.29(q, ]=8.8
Hz, 1H); 347(m, 1H); 3.63(m, 2H); 4.63(t, J=5.5.
1H, OH); 7.31(m, 4H, aromat.); 7.59(s, 1H, NH)
trans-2-hydroxymethyl-3-(p-chlorophenyl)-5-pyrro-
lidone(dc)—86%, mp 145~ 146T (ethylacetate/pet-
roleum ether), IR(KBr, cm ~'): 3400, 3220, 1680, 'H-
NMR(CDCls, 6=ppm): 2.58(m, 2H): 3.29(q, J=8.8
Hz, 1H); 347(m, 1H); 3.63(m, 2H); 4.63(t, J=5.5,
1H, OH); 7.31(m, 4H, aromat.); 7.59(s, 1H, NH)
trans-3-Aryl-5-oxo-pyrrolidine-2-methyl p-toluene-
sulfonate2| #4—10 mmol trans-3-aryl-2-hydroxy-
methyl-5-pyrrolidene(4)& 40 m/ pyridineol| -23)4]
71 & 5C ~20C & fr=3taA] 5417 Fob a3yt
o] -l-& 5C & Y78 3-8 19% HC1E 7}sted pH
12 3}i chloroform®2 33t} chloroformZ-&
2 A oy 5 9E2E g AAsta 3
gtell 4] BolE A AF F chloroform/petroleum
ether2 43},
trans-3-phenyl-5-oxo-pyrrolidine-2-methyl p-tolue-
nesulfonate — 75.4%, mp 139~ 141C (chloroform/pe-
troleum ether), IR(KBr, cm '): 3170, 1693, 1355 and
1177(-S0.-0-), 'H-NMR(CDCl;, 8=ppm): 2.45(s, 3
H); 2.63(m, 2H); 3.22(m, 1H); 3.89%(m, 1H); 4.05(m,
2H); 6.11(s, 1H); 7.18~7.76(m, 9H, aromat.).
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trans-3-(p-chloroophenyl)-5-0xo-pyrrolidine-2-me-
thyl p-toluenesulfonate —76%, IR(KBr, cm™): 3200,
1700, 1370 and 1180(-SO,-0-), 'H-NMR(CDCl;, 6=
ppm): 2.45(s, 3H); 2.83(m, 2H); 3.28(m, 1H); 3.89(m,
1H); 4.08(m, 2H); 6.27(s, 1H); 7.18~7.81(m, 8H,
aromat.).
trans-3-(p-bromophenyl)-5-oxo-pyrrolidine-2-me-
thyl p-toluenesulfonate —78%, IR(KBr, cm™!): 3200,
1700, 1370 and 1190(-SO.-0-), 'H-NMR(CDCl;, 8=
ppm): 2.45(s, 3H); 2.60(m, 2H); 3.24(m, 1H); 3.78(m,
1H); 4.04(m, 2H); 7.06(s, 1H); 7.05~7.75(m, 8H,
aromat.).
trans-3-Aryl-5-oxo-pyrrolidine-2-acetonitrile(5)2]
£ — 10 mmol trans-3-aryl-5-oxo-pyrrolidine-2-me-
thyl p-toluenesulfonateS 80 m/ acetonitrilecl] &3}
A7t} o7)o 11.2 g(200 mmol) KCN-& 40m/ &,
130 m/ acetonitriled)] =<1 §N-& 7}l 60C F
Bol A 647k wubglch FhetEle] SelE AAY F
chloroform/E 2 #23§c}. Chloroform%& 2 A
Heh g ReREE S AAYCh AslA
4] & A#% b2 Chloroform/petroleum ether®
A AA g ot
trans-3-Phenyl-5-oxo-pyrrolidine-2-acetonitrile(5a)
—834%, mp 103~104TC (chloroform/petroleum
ether), IR(KBr, cm~Y): 3200, 2250, 1673, 'H-NMR
(CDCl3, 8=ppm): 2.75(m, 4H); 3.32(m, 1H); 3.91(m,
1H); 7.27(s, 5H, aromat.); 7.67(bs. 1H).
trans-3-Aryl-5-oxo-pyrrolidine-2-acetic  acid(6)2]
$H4d — 10 mmol trans-3-aryl-5-oxo-pyrrolidine-2-ace-
tonitrile(5)3} 1.12g(20 mmol) KOH-E- 18 m/ dioxane,
9m/ ethanol & 10 m/ Eol| a2z ¥ wHlsh A
1047 #FA3h 7)ol 25ml E8 7Rl A&
A 24417 FFAACT HSELTES 3l A
Zat eZ3le] §-7]8v)el dioxane®} ethanold A
gt F o333}t 522 chloroformo =z A H3 ¥
2N-H,SO, 2 pH2= & o 4 HHo] Y4t
t}eFe) chloroform 2 F%3%}3l chloroform3g&
F Dz FEE AAT F AskEklA S9E A
A&k t}& ethanol® A2 &)
trans-3-Phenyl-5-oxo-pyrrolidine-2-acetic acid(6a)
~72%. mp 173~174T (ethanol), IR(KBr, cm™):
3200, 1710, 1630, 'H-NMR(CF;COOD, 8=ppm): 2.99

(m, 2H); 3.10(m, 2H); 3.46(m, 1H); 4.38(m, 1H); 7.39
(m, 5H, aromat.).
trans-3-(p-Chlorophenyl)-5-oxo-pyrrolidine-2-ace-
tic acid(6b)—85.6%. mp 186~187C (ethanol), IR
(KBr, cm™): 3200, 1730, 1660, 'H-NMR(CF;COOD,
d=ppm): 2.90(m, 2H); 3.10(m, 2H); 3.44(m, 1H);
4.30(m, 1H); 7.28(d, 2H, aromat.); 7.38(d, 2H, aro-
mat.).
trans-3-(p-Bromophenyl)-5-oxo-pyrrolidine-2-ace-
tic acid(6¢)—67.8%. mp 185~187C (ethanol), IR
(KBr, cm™): 3200, 1740, 1660, 'H-NMR(CF;COOD,
S=ppm): 291(m, 2H); 3.11(m, 2H); 3.45(m, 1H);
4.33(m, 1H); 7.24(d, 2H, aromat.); 7.54(d, 2H, aro-
mat.).
6B-(trans-3-Aryl-5-oxo-pyrrolidin-2-yl)acetamido-
penicillanic acid(7)2] &M —20 m/F4 ®IA 1
mmol trans-3-Aryl-5-oxo-pyrrolidine-2-acetic acid(6)
¢} 0.21g(1 mmol) PCls& 23 30~40T & #%3hd
A 2217k Rk w3l Ahqbstel sk
10mJ F-4= wl Al o 2 33] A 37 F 0] 71L& 15 mi CH:Cl,
o] FAGAHTHENHA). w2 2.16g(1 mmol) 6-APAS
20 m! CH,Cl,oll #=tx]7) 2 1.64g(1 mmol) HMDS-&
28| A 5~8A17F FHAIA AL 448 0~
5¢ 2 Wzt & 0.14 m/(2 mmol) triethylamine”}3}22
HCl/CH:Cl; £} 0.2 pH6~7% At} o] £l
5~10C o4 smubstmia] S48 HHE] Hrigch
A7pb Est F Ao 2~3A17F o] anbekar 50 ml
+EE Mt #71E3S EEdEe e dx=
g AAG F st FaESdck. CHLL
/petroleum ether2 ] 7 A3},
6p-(trans-3-Phenyl-5-oxo-pyrrolidin-2-yl)acetami-
dopenicillanic acid(7a)— 55%, mp 135~ 137°C (CH,Cl,/
petroleum ether), IR(KBr, cm™Y): 3200, 1780(S-lac-
tam-C=0), 1730 (acid-C=0), 1670(amide-C=0),
'H-NMR(DMSO-ds, 6=ppm): 147(s, 3H, Cs-me-
thyl); 1.60(s, 3H, Cs;-methyl); 2.31 and 2.66(m, 2H,
4'-H); 2.49(m, 2H, CH,C=0); 3.25(m, 1H, 3'-H);
3.79(m, 1H, 2'-H); 4.24(s, 1H, 2-H); 5.41(m, 2H, 5-
H and 6-H); 7.30(m, 5H, aromat.); 7.56(d, 1H, N;-
H); 7.71(s, 1H, NH).
6p3-{ trans-3-(p-Chlorophenyl)-5-o0xo-pyrrolidin-2-

o]

2
A
T

ylJacetamidopenicillanic acid(7b)—53%, mp 130~
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132C (CH.Cly/petroleum ether), IR(KBr, cm™): 3200,
1780(p-lactam-C = O}, 1730 (acid-C=0), 1680(amide-
C=0), 'H-NMR(DMSO-ds, 6=ppm): 1.47(s, 3H, Cs-
methyl); 1.60(s, 3H, Cs-methyl); 2.31 and 2.69(m,
2H, 4'-H); 2.50(m, 2H, CH,C=0); 3.30(m, 1H, 3'-
H); 3.77(m, 1H, 2'-H); 4.22(s, 1H, 2-H); 540(m, 2H,
5-H and 6-H); 7.34(m, 4H, aromat.); 7.61(d, 1H, N;-
H); 7.74(s, 1H, NH).
6p-[ trans-3-(p-Bromophenyl)-5-oxo-pyrrolidin-2-
ylJacetamidopenicillanic acid(7¢)—61%, mp 127~
128 (CH,Cly/petroleum ether), IR(KBr, cm™): 3200,
1780(B-lactam-C=0), 1730 (acid-C=0), 1680(amide-
C=0), 'H-NMR(DMSO-ds, 6=ppm): 1.48(s, 3H, Cs-
methyl); 1.60(s, 3H, Cs-methyl); 2.34 and 2.72(m,
2H, 4'-H); 2.53(m, 2H, CH,C=0); 3.30(m, 1H, 3'-
H); 3.83(m, 1H, 2'-H); 4.27(s, 1H, 2-H); 5.38(m, 2H,
5-H and 6-H); 7.39(m, 4H, aromat.); 7.61(d, 1H, N;-
H); 7.75(s, 1H, NH).
7B-(tras-3-Aryl-5-oxo-pyrrolidin-2-yl)acetamidoce-
phalosporanic acid(8)2| &4 —-20m/ 75 WAl 1
mmol trans-3-Aryl-5-oxo-pyrrolidine-2-acetic acid(6)
¢} 0.21g(1 mmol) PCLE ¥ 30~40C & #7213}
w A 24]7F seakslich ubg-olg hstatel] FiyE3)
T 10m 54 WA 33 A F o7& 15ml
CH,ClL¢l| #@etAIZcH4-YA). w2 2.72g(1 mmol) 7-
ACAE 20m CH,ClLell #=A]7]13 1.64g(1 mmol)
HMDSS 54 278l M 5~847F &7FA1AH 4L
208 0~5C & Yz 3 0.14 m/(2 mmol) triethyla-
mine 7}5}3L triethylamine HCI/CH,Cl8-<§ 2.2 pH
E~72 A} o] gdol 5~10T ol 4] ksl
gole AAs Hrgch Hrb g F ARl
2~3417F o] wukska 50 ml FHES 7Hich #7)
29 Helsle] B wxy SRS AAYL § A
zubie 3t} CH,Cly/petroleum ether® =
A gt
7B-(trans-3-Phenyl-5-oxo-pyrrolidin'—2-yl)acetami-
docephalosporanic acid(8a)—58%, mp 125~127C
(CH,Cly/petroleum ether), IR(KBr, cm ): 3200, 1780
(B-lactam-C=0), 1740(acid-C=0), 1680(amide-C=
0), 'H-NMR(DMSO-ds, S=ppm): 2.03(s, 3H,
OCOCH,); 2.32 and 2.69(m, 2H, 4'-H); 2.50(m, 2H,
CH,C=0); 3.26(m, 1H, 3'-H); 3.54(q, 2H, 4-H); 3.79
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(m, 1H, 2'-H); 4.63(m, 1H, 6-H); 5.07(m, 1H, 7-H);
542(m, 2H, CH,0CO); 7.29(m, 5H, aromat.); 7.59(d,
1H, N;-H); 7.71(s, 1H, NH)

7B-[ trans-3-(p-Chlorophenyl)-5-oxo-pyrrolidin-2-
yl]acetamidocephalosporanic  acid(8b)—59%, mp
121~122C (CH,Cl,/petroleum ether), IR(KBr, cm™1):
3200, 1780(B-lactam-C=0), 1740(acid-C=0), 1670
(amide-C=0), 'H-NMR(DMSO-d¢, 5=ppm): 2.05(s,
3H, OCOCHj); 2.35 and 2.72(m, 2H, 4'-H); 2.55(m,
2H, CH.C=0); 3.31(m, 1H, 3'-H); 3.60(q, 2H, 4-H);
3.84(m, 1H, 2'-H); 4.53(m, 1H, 6-H); 5.11(m, 1H,
7-H); 5.52(m, 2H, CH,OCOQ); 7.35(m, 4H, aromat.);
7.61(d, 1H, Ny-H); 7.74(s, 1H, NH)

7B-[ trans-3-(p-Bromophenyl)-5-oxo-pyrrolidin-2-
yl]jacetamidocephalosporanic  acid(8c)—58%, mp
118~120C (CH,Cly/petroleum ether), IR(KKBr, em ™ !):
3200, 1780(Blactam-C=0), 1740(acid-C=0), 1670
(amide-C= 0), 'H-NMR(DMSO-ds, 6= ppm): 2.05(s,
3H, OCOCHy); 2.36 and 2.70(m, 2H, 4’-H); 2.56(m,
2H, CH.C=0); 3.30(m, 1H, 3'-H); 3.51(q, 2H, 4-H);
3.76(m, 1H, 2'-H); 4.70(m, 1H, 6-H); 5.04(m, 1H,
7-H); 5.57(m, 2H, CH,OCO); 7.38(m, 4H, aromat.);
7.61(d, 1H, N;-H); 7.75(s, 1H, NH)

A& 2 HEH -MIC A2 Mueller-Hinton agar
(Difco Co)E o]&-3}ed 33 (agar dilution me-
thod)ell sl &3 stsick DMSO| =4ql 7t7he} Al&
0.5 miE 25A Mo 2 10343 FF52 314 sk
FdoFauf A 95 miet AdEd FHFulAe] 5H3HE(Ta,
7b, 7c, 8a, 8b, 8c) & t =& A (ampicillin, cefotaxime)
o} Fx7} 77+ 40, 20, 10, 5, 2.5, 125, 0.63, 0.31,
0.16, 0.08 pg/mie] = =Z Alzslich 7ol A
55 A platecl]l AHFshL 37C oA 1847
kgt F foto 2 gAste] APy RS A
4 e FrE MICE A sk

o « o3

6B-(trans-3-Aryl-5-oxo-pyrrolidin-2-yl)acetamido-
penicillanic acid(7a, 7b, 7¢) ¥ 7B-(trans-3-Aryl-5-
oxo-pyrrolidin-2-yl)acetamidocephalosporanic acid(8
a, 8b, 80)F &Alsle] in vitrool A gEAE HH

slel o] o) 23] 4 ampicillin % cefataxime-&
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AHg-3lod v sl

gakg A4 A9 33HE 7ave Bacillus subtilis
ATCC 6633 % Staphylococcus aureus ATCC 6538
ol & ampicillin B} 7% FoHS Helfor g
FE 7b 2 7ce amicillin® B3 FEHE e}
Wk 22y Gram-SAdrel dfsted feplA] &
gkt

AL 23

o] wE& 19921 ZRAT SR 7145 sHe el Tulol
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