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Abstract: Several penems of types I - IV containing side-chains at C-2 derived from D- or L-amino acids were
synthesized. The in-vitro antibacterial spectrum of these compounds is influenced by the stereochemistry of the
side-chain. In general, penems with side-chains derived from D-amino acids are more potent, particularly
against gram-negative organisms, relative to the isomeric analogs.

Penems are potent broad spectrum synthetic B-lactam antibiotics that have been investigated by several
laboratories during the past decade. An important requirement for antibacterial activity in this class of
compounds is a hydroxyethyl substituent (6S,8R) at C-6 along with a variety of side-chains at C-2.1 We report
here the syntheses and antibacterial activities of the following four types of penems I-IVwhich contain a C-2
substituent derived from D- or L-amino acids.
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The synthetic sequence for compounds I is shown in Scheme I. N-Allyloxycarbonyl-D-cysteine allyl
ester (1) obtained by zinc-dust reduction? of the D-cystine prt:cursor3 was converted to its sodium
trithiocarbonate salt which was then reacted with the acetoxy azetidinone 24 to afford 3 as a stable compound.
Oxalimide cyclization of 3 involving the intermediate 4 led to the formation of protected penem 5. Removal of
the trichloroethoxycarbonyl group with zinc-acetic acid followed by Pd9-catalyzed deprotection of the three
allyloxy groups under reductive conditions,’ afforded the desired penem 6(S, ).8 The same reaction sequence was
used to prepare the isomeric analog 6(R) starting from L-cystine. The isomeric penems 6(S) and 6(R)were
found to be equipotent as antibacterials against gram-positive organisms; however, 6(S) was approximately
thirty-fold more active than 6(R) against gram-negative organisms. Based on this observation, compounds I-IV
were then prepared in order to explore the effect of replacing the sulfur atom linking the side-chains at C-2.

For the synthesis of penems II and III (Scheme II), the azetidinone silver thiolate 8 was found to be an
useful advanced intermediate for preparing this series of related target structures; compound 8 was
conveniently prepared from 2 by applying previously described methodology.6 N-Allyloxycarbonyl-D-
methionine (7)3 was converted to a mixed anhydride and reacted with 8 to give the acylated phosphorane 9.
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SCHEMEI :
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Reagents and conditions: (a) i. allyl chloroformate/4N NaOH/1 hr. (98%j; ii. allyl bromide/Et3N/Me2C0O/24 hrs. (92%) iii. Zn-
dusyMeOH/0°C/conc. HCI/2 mins /extr. Et20; (b) 1/CS2/IN NaOH /added to 2 in EtOH/0°C/15 min/chrom. (23%); (c) allyl oxalyl
chloride/ i-PrpNEY/CH2Cl2/CaCO3/0°C; (d) CHCI3 / P(OEt)3 - syringe pump addition/reflux 17 hrs/chromat. (75%); (e) i. Zn dusy/
THF-10%H20-50%AcOH/ -159C/chromat. (54%) ii. Pd(PPh3)4 / pyridinium formate/ PPh3/2 hrs. (79%)

Wittig cyclisation of 9 gave the protected penem 10. Removal of the trichloroethoxycarbonyl group with zinc-
acetic acid followed by Pd? deprotection of the allyloxy groups under ester-exchange conditions? afforded the
desired penem 11(R).8 The isomeric penem 11(S) was obtained by using the same reaction sequence starting
with N-allyloxycarbonyl-L-methionine. Similarly, compounds 14 - 17 were prepared from the corresponding
protected amino acids. For compounds 16 and 17, the final deprotection of the three allyloxy groups ( step e.ii )
was carried out with PdO-formate” as in compounds 6 and 21 (Schemes I and III); ester-exchange conditions? in
this step for such compounds which contain multiple allyloxy-protective groups, led to incomplete de-allylation
Jor N-allylation products.

The thiol acid 1210derived from N-allyloxycarbonyl-D-methionine was used in an alternative reaction
sequence to prepare the phosphorane intermediate 9. Reaction of the sodium salt of 12 with acetoxy azetidinone
2 afforded the intermediate 13 which was then converted to 9 using conventional methodology. This route was
found useful to prepare selected compounds III on a larger scale.

Compounds IV were synthesized using the sequence shown in Scheme III. Azetidinone silver thiolate 8
was acylated with bromoacetyl bromide to afford the bromoacetyl phosphorane 18. Displacement of the
bromine with the thiolate anion of 1 afforded 19. Wittig cyclization of 19 proceeded satisfactorily, however the
resulting penem was not stable to zinc reduction conditions to remove the trichloroethoxycarbonyl group;
reversing these steps by removing the trichloroethoxycarbonyl protective group prior to Wittig cyclization gave
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Reagents and conditions: (a) i. Ph3CSH/K2CO3/acetonitrile/24 hrs./chromat. ii. allyl glyoxylate/CH2Cla/trace Et3N/1 hr.r/0°C
MsBr/Et3N/1hr/chromat. iii. PPh3/DMF/15 hrs./chromat. iv. CH2Cl3-MeOH-Pyr./0°C/aq AgNO3/S mins. (20% overall); (b)
7/THF/i-butyl chloroformate/pyr./-209C/45 mins./chromat. (20%); (c) Benzene-reflux/18 hrs./chromat. (87%); (d) i. Zn-dust/THF-
10% water-50% acetic acid/-15°C/3 hrs./chromat. (81%) ii. Pd(PPh3)4/2-ethylhexanoic acid-CH2Cl2/PPh3/1 hr.(75%); (e) i-butyl
chloroformate/THF-pyr./-15°C/30 min/H2S; (f) THF-aq.NaHCO3/24 hrs./chromat. (60%). (g) i. allyl glyoxylate/CH2Clo/ftrace
Et3N/15 mins. ii. MsBr/CH2CI2/Et3N /-10°C/10 mins./chromat. iii. PPh3/DMF/24 hrs./chromat.(48% overall)

"'Z

the protected penem 20. PdO-catalyzed de-allylation of 20 under reductive conditions’ afforded the desired
penem 21(S). The isomeric 21(R) was prepared from L-cystine by using the same sequence.

The in-vitro antibacterial activity of compounds I - IV is summarized in Tables 1 and 2. Methodology
for determining the minimum inhibitory concentrations ( MIC values ) has been described previously.11 The
data in Table 2 shows that compounds with side chains derived from D-amino acids are markedly more potent
vs gram-negative organisms than are their L-diastercoisomers; on the other hand, the gram-positive activity is
not significantly influenced by this stereochemistry ( Table 1 ). Replacement of the sulfur linkage at C-2 by a



A. AFONsO et al.

2180

*s3 7 ‘Yede uONIH-Iofen N .

ort » oLs - €} o050 ) ocz (D ooz  OD 180 © ove QU 8o 4
e ) srel (0 o0g0 () sr¢ () 008 {1 oov o1 %09 €) o0g () §I¢ x4
50 & 08 - {©) §T0 (s) 80 ) 00 (o) g0 © oct  (ap  ogo 44
o9 () o6t (U os0 (9 sre () eeer (1) 008 (o1 6y (€) soo1 (1) ooy (e
150 () 891 (0 oo &) sto ©) w0z (D 00T {o1) 80E0 € g0 (1) 800 (she
00y ) 00’91 m ooy {© 001 (9 segt (1) 0091 D €8¢ © ez ap e [£1721
oELl W sy (U o8 @ 1€ (© zwss (D oowy O eru (€ 0091 (1) (96 (s
oS ) svel M 0wz @ 0wy © o091 (1) 0091 O L€ € ¢e9 (D 1€ 1¢.7,11
91 ) 169 - (£ s ) wss (1 o0ze {00 86 © soor (an 891l (¥sy
092 W oorsy (1) 050 {9 8001 © 00ty (1) 0op9 (D sr'Lr (® stror Q1 €612 (s)s1
2344 ) €87 (1 o0z (8 ¥6L0 5y 616 (1) 00Z (8) 650 € o0z (o1) LoL0 1.7.7
0E'91 W e (D sz © wWs ) 1016 (1) oosur (o) LS8 © ooz () Wil (w1
880 ) €8T (D stro (©) w6go ) szs (D ooy D 050 © 001 QD wro n
oLl W o () 1500 (9 8001 © zwes oy QD €Ul © otor (D w11 (s
00°9% ©) sTLl m ooy (5 sTs @) 1w - @ oov () 0091 (1) 9v9 (e
670 © 8071 (0 ooy (5 9vo 1) 99¢ - @n Lo ) sL'0 (gD sTo (s)
T8 DUBLES Il DAIDS  OffeMOuqDS  mowapmold  ujauvBiopy  HASqALY  4a1ovqosauy yoo g .
$,O1N UESIY DEnowioary F »
FALLYVOEN-WYED {suais Jo saquena) Bl ut SO UBIN DINOWOD

Al - FSWUSG JO LAUATOY [BUNRANUY 044Ul HALLVDAN-WVED ‘T 3qe),

910 @ ors (81) 10 m %00 "

870 @ o0z (81) €510 (1) 050 x4

(34] © oLs (st 110 (1 %00 27

¥60 @ ez (81) toLO (0 o050 e

or1 Q) 0091 (€1) 7680 M szo (she

oLt @ 9rsy (81) 807 (0 101 L

ore ) 1506 (81) €£7 (1 007 (65721

00'1 @ o091 Maw SELD M szo M=m~

620 ¥T) 6000 st

P A o 170 @ oove (D wTo (D 00T ()
(S09TE 4O0) / N 810 @ w9 (81) 6600 (D szr0 (vt

€0 T rrn. " 5 41] @ 1506 (8D 970 (1 050 (siv1
JINHD . €10 @ w08 €D oo (1) szro @

o EYEVEUS) 8 w\ L£0 @ ooy (81 ¥IZD (n oov (s)t

@D  HNODO'HDUHDS- =Y 00y ® ooszt  (ZD) w61 (1) €82 )
HO 0 W sTsy @D 781 M oo (s

“290f ydansg ‘thydog spqns g
Ju/avi panodwiony
SOOI UBSIA] SWIMOS0) (sumwas fo squmu) yuBr
JALLISOd-WVHED SOIN UBs]y OIIOUIoaLy

AL~ | suouad Jo AIATIOY [BLSIRQUUY 0014-41 ALLISOd-WVED "I MqeL



Penems containing amino acid derived substituents 2181

SCHEME III: ocozcu,ccta OCO,CH,CCly
\./\ Br ) 3\|/\ S B NHCOZCHZCH-CHZ
g —3— COOCH,CH=CH, c
PPhs N PPhy
o Y
cozcnzcm-cn-az CO,CH,CH=CH,
18 19
NHCO CH,CH=CH NH l l e
5 2 =CH2 S/\‘/ 2 S/\r—H
EJ«’\?/\ COOCH,CH=CH, J:-[?A
COOCH,CH=CH,
20 21(S) 21(R)

Reagents and conditions: (a) BrCH2COBr/CH2C12/0°C/45 mins./chromat. (98%); (b) 1 /DMF/Et3N/0C/1 hr./chromat. (72%); (c)

i. Zn-dust/THE-10%water-50%acetic acid/-15°C/45 mins./chromat. (82%) ii. Benzene-reflux/18 hrs./chromat. (68%); (d)
Pd(PPh3)4/pyridinium formate-CHClp/PPh3/ 1 hr./chromat. (65%).

methylene group reduces the gram-negative activity as in 6(S) vs 17(R), whereas a spacer methylene at C-2
maintains the activity as in 6(S) vs 21(S). Diastereoisomeric penems IV derived from amino acids having no
functionalities on the side chain, show only modest potency differences e.g. 15 vs 14.12 The presence of a
carboxyl group, surprisingly,13 does not have an adverse effect on the gram-negative activity of the compounds
e.g. 6, 16, 17, 21 vs 15 . From this series of penems, 11(R) has the highest potency against both groups of
organisms. With the exception of 23,14 none of the compounds have significant activity against Pseudomonas.
Included in the Tables are MIC values15 for the reference penems Sch 34343 (22),4 CGP 31608 (23)14 and
FCE 22101 (24).16
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