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IEVADS

Temas biitiba un aktualitate. Kops 20. gs. 40. gadiem, kad tika atklatas un medicinas
praksé plasi ieviestas antibiotikas, kardinali paaugstinajas infekcijas slimibu arsteéSanas
efektivitate. Pirmais un galvenais $o biologiski aktivo vielu parstavis bija penicilins. Vélak uz
penicilina bazes tika izstradata antibiotiku terapijas eksperimentala un teorétiska koncepcija,
kuras pamata ir mikroorganismu metabolisma produktu izmantoSana infekcijas slimibu
arstéSana.

Atsifréjot penicilina struktiru, tika konstatéta unikala B-laktama heterocikla loma
antibiotiku antibakterialas iedarbibas mehanisma molekulara Itmeni, ka arT ar rezistento
bakteriju izraisitais preparata inaktivacijas mehanisms. Abu mehanismu apzinaSana lava
istenot efektivu baktériju rezistences apkarosanas stratégiju, medicinas praksé izmantojot citas
penicilinam radnieciskas B-laktamciklu saturoSas antibiotikas: cefalosporinu, karbapenému,
penému u.c., ka arT modific€jot min€to savienojumu struktiiru. Rezultata tika raditi preparati
ar uzlabotam farmakologiskam TpaSibam, to skaita ar paplasinatu antibakterialo spektru un
izturibu pret rezistentam baktérijam.

20. gs. 80. gadu beigas tika atklati cefalosporina atvasindjumi ar pretiekaisuma
aktivitati. Tos ieguva, esterificgjot antibiotikas karboksilgrupu, oksidgjot heterociklisko séra
atomu un aizvietojot acilaminogrupu pie C(7)-atoma ar hlora atomu vai metoksigrupu.
Konstatéts, ka molekulara Iimeni So savienojumu darbibas mehanisma pamata ir cilvéka
leikocitaras elastazes inhib&Sana. P&tijumu rezultata tika atklati savienojumi ar pretvirusu,
pretvéza, antikoagulanta un citam aktivitatém, kuru iedarbibas mehanisma pamata ir serina
vai cisteina proteazu inhib&Sana, kas liecina par p-laktama cikla unikalo farmakologisko
potencialu.

Darba meérki. Nemot véra ieprieks§gjos OSI pétijumu rezultatus antibiotiku kimija,
meés uzskatijam, ka nepiecieSams sintez€t jaunus 7-alkilidénaizvietoto cefalosporinu un 6-
alkilidénaizvietoto penicilinu atvasinajumus un izzinat to struktiiras-biologiskas aktivitates
sakaribas, kas talaka nakotne lautu radit perspektivus pretvéza savienojumus un [-laktamazes
inhibitorus.

ST mérka sasnieg$anai ieplanojam jaunu 7-(2-oksoalkilidén)-, 7-arilmetiliden-3-metil-
1,1-diokso-cef-3-em-4-karbonskabes, 7-(1-formil-1-alkilidén)-3-metil-cef-3-em-4-
karbonskabes, 6-(2-oksoalkilidén)- un 6-(2-arilmetoksiiminopropilidén)-1,1-
dioksopenicilanskabes terc-butilesteru strukttiratvasinajumu sintézi, to pretvéza skriningu un
B-laktamazes inhib&joso Tpasibu testéSanu in vitro.

1.  7-(2-OKSOALKILIDEN)-CEFEMU IEGUSANA

Jauni 7-(N-metil-N-metoksikarbamoilmetilidén)-, 7-(3-etoksikarbonil-2-hidroksiprop-
2-enilidén)- un  7-(2-okso-2-(2-furil)-etilidén)-3-metil-1,1-dioksocef-3-ém-4-karbonskabes
terc-butilesteri 4a-c ieguti, kondens€jot 7-0kso-3-metil-cef-3-ém-4-karbonskabes terc-
butilesteri (1) ar  N-metil-N-metoksikarbamoilmetilidén(trifenil)fosforanu  (2a), 3-
etoksikarbonil-2-oksopropilidén(trifenil)fosforanu (2b) un 2-(2-furil)-2-
oksoetilidén(trifenil)fosforanu (2c¢) un talak starpproduktus 3a-c oksidgjot ar 3-
hlorperoksibenzoskabi (MCPBA).
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COOBu-t COOBu-t
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2,3,4 a R'=MeO(Me)N, b R!=EtOCOCH,, ¢ R'=2-furil

Neoksidéto savienojumu 3a-C '"H KMR spektru analize paradija, ka visos gadijumos ir
radies izoméru maisijums, kur$ galvenokart Sastav no (7Z)-izomériem. Atbilstoso (7E)-
izoméru daudzums maisijuma ir mazaks par 5% un péc oksidéSanas un attiriSanas tos
kvantitativi neizdevas izdalit. Par gala produktu 4a-c (7Z)-konfiguraciju liecina C(9) protona
signdla atraganas pie 6.62 - 7.19 m.d. Savienojuma 4b *H KMR spektru analize |ava konstatt,
ka aizvietotajs B-laktama cikla ir enolaja forma (enol-4b saturs 90% keto-enol lidzsvara
maisijuma), par ko liecina spektra esoSie raksturigie C(11) un OH signali attiecigi pie 5.51 un
11.67 m.d.

EtO

EtO

(0]

keto-4b | enol-4b
2. 7-(FORMILALKILIDEN)-CEFEMU IEGUSANA

Apstradajot  7-okso-3-metilcef-3-em-4-karbonskabes terc-butilesteri (1) ar o-
formiletilidén(trifenil)fosforanu (2d) un formilmetilidén(trifenil)fosforanu (2e), sintezéti 7-(1-
formilalkilidén)-3-metilcef-3-eém-4-karbonskabes terc-butilesteru 5d,e (7Z)- un (7E)-izoméru
maisijumi ar attiecibu 7Z : 7TE = 3 : 2. Stereoizoméri tika izoléti individuali izmantojot
preparativas hromatografijas metodi.

N~
(e} Me

COOBu-
(72)-5d,e
2,5dR' =Me, eR' =H

Savienojumu 5d,e izoméru struktiira pieradita, izmantojot 'H KMR spektroskopijas
metodi péc aldehidgrupu protonu kimiskajam nobidém. Aizvietotaja konfiguracija (7E)-
1izoméra liecina par tidenraza saites veidoSanas iesp&jamibu starp aldehidgrupas protonu un [3-
laktama karbonilgrupu, turpreti (7Z)-izoméra sada mijiedarbiba nav iesp&jama. Tadgjadi (7E)-
(1-formil-1-metilidén- vai etilidén)-3-metilcef-3-ém-4-karbonskabes terc-butilesteru (7E)-
5d,e 'H KMR spektros C(10) signali atrodas vajaka lauka (kimiskas nobides 10.36 un 10.30
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m.d.), salidzinot ar attiecigajam protonu nobidém (7Z)-5d,e izoméros (kimiskas nobides
attiecigi 9.73 un 9.80 m.d.):
9.80 m.d.

9.73 m.d.

(72)-5d (7E)-5d (72)-5e (7E)-5e
3. 7-ARILMETILIDEN- UN 7-HETERILMETILIDENCEFEMU IEGUSANA

Kondensgjot  7-0kso-3-metilcef-3-eém-4-karbonskabes  terc-butilesteri (1) ar
alkiliden(trifenil)fosforaniem 6a-d peéc Vitiga metodes, tika iegtti jauni 7-arilmetilidén- un 7-
(2-furil)metilidénaizvietotie cefémi 7a-d. Tie veidoja hromatografiski nesadalamu (7Z)- un
(7TE)-izoméru maisijumu, kuru vargja sadalit péc cefemu 7a-d oksidéSanas lidz sulfoniem 8a-
d. Individualo stereoizoméru struktiiras pieradiSanai tika izmantoti atbilstoSo ceféemu 7,8 a-d
'"H KMR spektru dati. (7Z)-Izoméros B-laktima karbonilgrupas dezekrangjosa efekta dg]
cefemu (72)-7,8a-d C(9) protona signala kimiska nobide ir vajakos laukos, salidzinot ar
attiecigo (7E)-7a-d un (7E)-8a-c izoméru signaliem. (7E)-(2-Furil)metilidénaizvietota ceféma
(<10%) saturs (7E)- un (7Z)-izoméru maisijuma 7d tika noteikts, salidzinot izom&ru C(9)
protona integralas intensitates. Oksidééanas produktu (7E) -8d individuali neizdevas iegiit.

R!CH=PPh, q
6a-d \ w)\ R N w)\

COOBu- ¢ COOBu-¢

MCPBA MCPBA
(72)-7a-d n=0

(7E)-Ta-d n=0
(7Z)-8a-d n=2 :I (7E)-8a-c n=2 :

aR!=4-CICH,, bR! =4-NCCH,, ¢ R =2-BrC H,, d R! = 2-furil

4.  SELEKTIVA (7E)-ALKILIDENCEFEMU IEGUSANA

Agrak veiktajos OSI pétjjumos tika konstatets, ka 3-acetoksimetil-7-(3-
trimetilsililpropin-2-ilidén)-cef-3-ém-4-karbonskabes terc-butilesterim 9, Vitiga reakcijas
stereospecifisko 1pasibu dél, ir (7Z)- konfiguracija.

SiMe,

/i

H
O\\ // O\\S//O
H —
N Me,Si— — N
N~
CH,OAc 0

COOBu- ¢ COOBu-¢
(72)-9 (7E)-10
Lai iegttu savienojuma 10 (7E)-izoméru, tika izmantota regioselektiva 7-
alkilidéncefalosporinu (E)-izoméru iegiiSanas metode, kura ietvéra sekojosas stadijas:
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a) 3-metil-7-oksocef-3-ém-4-karbonskabes terc-butilestera (1) parvérsana 7-dibrommetilidén-
3-metilcef-3-eém-4-karbonskabes terc-butilestert (11);

b) 7-dibrommetilidénceféma 11 stercoselektiva debromésana ar cinku NH4Cl $kiduma lidz
(7E)-brommetilidéncefémam 12;

¢) (7E)-brommetilidénceféma (7E)-12 oksidésana Iidz sulfonam (7E)-13;

d) (7E)-brommetilidén-1,1-dioksoceféma (7E)-13 reakcija ar trimetilsililacetilénu (14)
Sonogashiras reakcijas apstaklos, deva iesp&u iegut 3-metil-1,1-diokso-(7E)-(3-
trimetilsililpropin-2-ilidén)-cef-3-ém- 4 karbonskabes terc-butilesteri ((7E) 10).

Zn/NH,CI
1b + [Br,C=PPh, +Br,PPh, ] —> % wj\

T

COOBu-¢ COOBu- ¢
CBI‘4 + ZPPh (7E)-12
MCPBA
H
Me,SiC=CH B O\\ S//O
T
14 N
(7E)-10
Cul, Pd(dba),, i-Pr,NH N A~y
0 €
COOBu- ¢
(7E)-13

Augstak minéta 7-dibrommetilidénceféema 11 sametinasanas reakcija ar diviem
ekvivalentiem trimetilsililacetiléna (14) deva iesp&u sintezét 3-metil-1,1-diokso-7-[1,5-
bis(trimetilsilil)-penta-1,4-diin-3-ilidén]-cef-3-eém-4-karbonskabes terc-butilesteri (15):

SiMe,
Br o o / /
\\S// 2 Me, SiC=CH _— O\\
Br N\ 14 Me,Si— — AN
N~ Cul, Pd(dba),, i-Pr,NH N =~
0) Me
COOBu-¢ COOBu-t¢
11

5. 7-(2-OKSIIMINOALKILIDEN)-CEFEMU IEGUSANA

(7Z)-(2-Hidroksiiminopropilidén)-3-metil-1,1-dioksocef-3-eém-4-karbonskabes  terc-
butilesteris 17a sin- un anti-izoméru maisijuma veida tika iegits, apstradajot (7Z)-(2-
oksopropilidén)-3-metil-1,1-dioksocef-3-eém-4-karbonskabes  terc-butilesteri  (4d)  ar
hidroksilamina hidrogénhloridu (16a) natrija acetata klatbiuitng.



PH
N
O\ Me Me ]0\ Me
0 0
\Y HONH /HCI O\\ ” 9 O\\s/”O
HTN\ S 16 HTN
a 1 4 648
N ~ NaOAc N N .~
M Me 0 Me

0 ®  McOH
COOBu-t COOBu- COOBu-¢
4d sin-17a anti-17a

Sin-17a un anti-17a izoméru struktiras identificé$anai tika izmantota *H-'H NOESY
metode. Savienojuma sin-17a spektra ir krospikis starp C(9) un HO-N= protoniem un tad&jadi
sin-17a izoméra novéro C(9) protona signala nobidi vajaka lauka (7.41 m.d.), salidzinot ar
atbilstoSo anti-17a izoméra signalu (6.48 m.d.). Savienojuma 17a anti-izomé&ram Overhauzera
efektu novero starp C(10) un HO-N= protoniem.

Apstadajot 4d ar arilmetoksiaminu hidrogénhloridiem 16b-h natrija acetata klatbuitng,
tika ieglti (7Z)-(2-arilmetoksiiminopropilidén)-3-metil-1,1-dioksocef-3-em-4-karbonskabes
terc-butilesteri 17b-h sin- un anti-izoméru maisijuma veida.

Ar
(0)
N\—Me \ Me Me
o) . /O /\ NH HCI o) . /O
AN S/ H N S/
H™ X 16b-h A N
N~ NaOAc N N~
0O Me MeOH Me
COOBu-t¢ COOBu-¢ COOBu-¢
4d anti-17b-h sin-17b-h

16,17 b Ar=Ph, ¢ Ar =2-BrC,H,, d Ar = 3-BrC H,, e Ar = 4-BrCH,,
f Ar=2-CICH,, g Ar=2-FCH,, h Ar = 2-CF,C H,;

Savienojumu 17b,c,f-h sin- un anti-izoméri tika sekmigi sadaliti ar kolonnas
hromatografijas palidzibu. AtbilstoSo izome&ru struktiiras identificéSanai izmatota 'H KMR
spektroskoylja nemot par paraugu ceféemu 17c, kuru sin- un anti-izoméru raksturojumam
izmantota 'H-"H NOESY metode. Savienojuma sin-17c¢ spektra ir krospikis starp C(9) un -
CH2ON= protoniem, ka rezultata novéro C(9) protona signala nobidi vajaka lauka (7.62 m.d.),
salidzinot ar attiecigo anti-izoméra signalu (6.90 m.d.). Savienojuma 17cC anti-izoméra

gadijuma Overhauzera efektu novéro starp C(10) un -CH,ON= protoniem.
C¢H,Br-2

sin-17¢ anti-17c
Aizvietojot (7Z2)-(2-hidroksiiminoksopropilidén)-3-metil-1,1-dioksocef-3-¢m-4-
karbonskabes terc-butilestera (17a) hidroksiiminogrupas protonu ar natriju un talak alkilgjot
18 pie skabekla ar arilmetilbromidiem 19i,j un 3- un 4-piridilmetilhloridiem 19K,I, iegtiti jauni
(72)-(2-arilmetoksiimino)- un (7Z)-(piridilmetiloksiiminopropilidén)-3-metil-1,1-dioksocef-3-
em-4-karbonskabes terc-butilesteri 17i-1.



HON NaON o~ N
N\—Me Me ~ J N\\—Me
O\\ //O O\\ S//O Ar X Ar O\\ S//O
H N\ S NaH H N 19i-1 H N
N~ N~ N~
0 Me 0 Me 0 Me
COOBu-t COOBu-? COOBu-¢
17a — 18 — 17i-1

17,19 i Ar = 2,6-CL,C(H,, j Ar = 3,4-CL,CH,, k Ar = 3-Py, 1 Ar = 4-Py,
19ij X =Br; 19 k1 X =Cl
Lai noskaidrotu stuktiiras-aktivitates ipatnibas, kas saistitas ar cefemu 17c un 17e
arilmetoksiimino-fragmenta modificé$anu, 3-metil-1,1-diokso-(7Z)-(2-oksopropilidén)-cef-3-
em-4-karbonskabes terc-butilesteris (4d) tika kondenséts ar 4-bromfenilhidrazina (20) un
semikarbazida (21) hidrogénhloridiem.

0
4-BrCH, . uN—4
NH NH
N
\_Me N\_-Me
0
A %, BICHNHNH,  HNCONHNH, S
6.97 m.d. 20 HCL 21 HCL 695mad.
N~ N~
0] Me 0 Me
COOBu-¢ COOBu-¢
anti-22 anti-23

Rezultata tika ieghti 4-bromfenilhidrazons 22 un semikarbazons 23 ar anti-
konfiguraciju. Par $adu konfiguraciju liecina C(9) protona signali pie 6.97 m.d un 6.95 m.d,
kuru atraiands vieta "H KMR spektros sakrit ar anti-cefemu 17a-k C(9) protonu signalu
nobidém.

Acilgjot (7Z)-(2-hidroksiiminopropilidén)-3-metil-1,1-dioksocef-3-ém-4-karbonskabes
terc-butilesteri (17a) ar 2-brombenzoskabes hloridu 24, sintezéts (7Z)-[2-anti-(2-
brombenzoiloksiimino)-propilidén]-cefems 25, kura, spriezot péc C(9) protona signala
atraSanas vietas (7.09 m.d.), oksiiminogrupa ir anti-konfiguracija.

C(H,Br-2
(0]
/
N
N\_-Me
2-BrC,H,COCI 0,
H S
17a 24 7.09 m.d.
N~
(e} Me
COOBu-¢
anti-25

Kondensgjot 7-(1-formilmetilidén)-3-metilcef-3-eém-4-karbonskabes terc-butilesterus
(72)-5e un (7E)-5e ar arilmetoksiaminu hidrogénhloridiem 16¢,d natrija acetata klatbiitng,
tika ieguti (72)- un (7E)-(2-arilmetoksiiminoetilidén)-cefémi ka anti- un sin-stereoizoméru
maisijums: (7Z-anti)-26¢,d, (7Z-sin)-26¢,d un (7E-anti)-26¢,d, (7E-sin)-26c¢,d.



P
N ~N
N H O N H
10 o J -
9 n Ar
H™ X\ S HTN\ S
. +
N~ N~
(@) Me 0 Me
COOBu-t¢ COOBu-¢
(72)-5e 16¢,d (7Z-anti)-26¢,d n=0 (7Z-sin)-26¢,d
+ (7Z-anti)-27c,dn =2
(7E)-5¢ NaOAc __MCPBA
MeOH
ArT N
(0]
L = S
N~
Me
COOBu-¢ COOBu-t¢
(7E-anti)-26¢,d n=0 (7E-sin)-26¢,d
(7E-anti)-27c,dn=2

¢ Ar=2-BrCH,, d Ar=3-BrC,H,,

Sintezéto  cefemu  formilgrupas  parvérSana  arilmetoksiiminogrupa radija
priekSnoteikumus s€ra atoma oksidéSanai Iidz sulfonam, izmantojot MCPBA. Péc
hromatografiskas sadaliSanas no reakcijas maisijuma tika izdaliti tikai cefémi ar anti-
konfiguraciju:  (7Z-anti)-27c,d un (7E-anti)-27c,d. 2-Arilmetoksiiminoetilidéngrupas
struktiiras identificésana ceféemos (7Z-anti)-27c,d un (7E-anti)-27c,d tika veikta, salidzinot
sintez&to cefemu 9-H un 10-H protonu kimiskas nobides ar izejsavienojuma 5e (7Z)- un (7E)-
izoméru atbilstosajiem protonu signaliem, ka arf ar C(9) protona signala nobidém ceféma 17c
atkariba no arilmetoksiiminogrupas anti- un sin-konfiguracijas.

6. 7-ALKILIDENCEFEM-4-KARBONSKABJU UN DEKARBOKSILETO 7-
ARILMETOKSIIMINOAIZVIETOTO ATVASINAJUMU IEGUSANA

Apstradajot 7-alkilidén-3-metil-1,1-dioksocef-3-em-4-karbonskabes terc-butilesterus
(72)-4b,d ar trifluoretikskabi dihlormetana skiduma 0°C temperatira, notika estera grupas
atSkelSanas,  veidojot  (7Z)-(N-metil-N-metoksikarbamoilmetilidén)-  un  (72)-(2-
oksoproplhden) -3-metil-1,1- dloksocef 3-ém-4-karbonskabes (7Z)-28b,d.

R' \ R Me
0\\8/,0 o_,0
H H N\ S Z
H \ Py \

N - = 28d ——

/ N~ —Co, N =~
(0) 0 Me

COOBu-¢ COOH 6.56 m.d. H

(72)-4b,d 28b,d
b R'=Me(MeO)N, d R'=Me
Piridina pievienoSana 3-metil-1,1-diokso-(7Z)-(2-oksopropilidén)-cef-3-em-4-
karbonskabes (28d) acetonitrila skidumam inicigja dekarboksiléSanas reakciju, ka rezultata
radas 3-metil-1,1-diokso-(7Z)-(2-oksopropiliden)-cef-3-ems (29), kura H KMR spektra
redzams C(4) protona signals pie 6.56 m.d.



Kondensgjot ceféemu 29 ar arilmetoksiaminu hidrogénhloridiem 16b-g natrija acetata
klatbuitng, tika iegiti (7Z)-(2-arilmetoksiiminopropilidén)-3-metil-1,1-dioksocef-3-&mi 30b-h,
kurus, izmantojot kolonnas hromatografijas metodi, izdevas sadalit sin- un anti-izom&ros.

Ar

&

(0]
N\—Me o \ Me \ Me
" O\\S// Ar /\ ~NH, HCI " \\
N 16b ” N
N~
o Me NaOAc

MeOH

29 anti- 30b -g Sin- 30b -g

16,30 b Ar=Ph, ¢ Ar =2-BrC.H,, d Ar=3-BrCH,, e Ar =4-BrC H,,
f Ar=2-CIC,H,, g Ar =2-FCH,

7. 7-ALKILIDENCEFEMU MODIFICESANA AR
N,N-DIMETILAMINOMETILIDENGRUPU

N,N-Dimetilaminometilidéngrupas  ievadisana  7-(4-hlorfenil)-metilidén-3-metil-1,1-
dioksocef-3-ém-4-karbonskabes terc-butilestera (7Z)-8a un (7E)-8a izoméru C(2) stavokli
veikta ar N,N-dimetilformiliminija hloridu (Vilsmeijera reagents). Rezultata radas 2-N,N-
dimetilaminometilidénaizvietotie ceféemi (7Z)-31a,e un (7E)-31a,e.

Me,NCHO + (COCI),
' H
H H
H 0\\5/”0 ! R'\ O\\s/”o _
_
N > NMe, (72)-8a,e + _ (7E)-8ae > NMe,
N g [MeZN=CHC1] a — N R
0 0
COOBu-t COOBu-
(72)-31a,e aR!'=4-CICH,, R2=H (7E)-31a,e

e R!'=Ph, RZ=0Ac
Analogiski uz (72)-(2-oksiiminopropilidén)-cefému 17a-g bazes, tika sintez&ti 3-metil-2-
N,N-dimetilaminometilidén-1,1-diokso-(7Z)-(2-arilmetoksiiminopropilidén)-cef-3-ém-4-
karbonskabes terc-butilesteri 32a-g.

1

o—R
— N
P N\ Me N\ Me H
[ N 1 B Rl Oz U 02
Me,N=CHC ]Cl HT\ S~ H™TX\ NP~
NM
17a—g X NMe, | N E
=
0 Me (e Me
COOBu-¢ COOBu- ¢
anti-32a-g

sin-32a—-g
17,32 aR!'=H, bR! =Bn, ¢ R! =2-BrC;H,CH,, d R! = 3-BrC;H,CH,,
e R'=4-BrC,H,CH,, fR! =2-CIC.H,CH,, g R' =2-FC,H,CH,
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Sin- un anti- izoméru maisijumi 32b-g tika sadaliti izmantojot kolonnas
hromatografijas metodi.

Savienojumu 31 un 32 *H KMR spektru analize paradija, ka veidojas (2E)- un (2Z)-
izomeri ar (E)-izomériem parakuma. Ar *H-"H NOESY spektroskopijas palidzibu konstatéts,
ka (2E)-31,32 izoméru spektros tiek novérots Overhauzera efekts starp -N(CH3), un C(3)
protoniem, bet (22)-31,32 izomériem krospikis ir starp =CHN un C(3) grupu protoniem.

3.32-3.33 m.d.
. 7.23-7.62 m.d. | Me. _Me
R o o H r N
/MC R \ H
| 304300md 6.93.6.96 m.d.
(0)
COOBu-¢ COOBu-¢
(2E)-31,32 (22)-31,32

Sakara ar to cefému (2E)-31,32 'H KMR spektros sulfona skabekla dezekrangjosa
efekta dél, novéro =CHNMe; protona signala nobidi vajaka lauka (7.23-7.62 m.d.), (22)-
izom&ros $1 protona signala nobide ir pie 6.93-6.96 m.d. Lidzigi, sulfona skabekla
dezekrangjosa efekta dél, (2Z2)-izoméros tick novérota NMe, grupas protonu signala nobide
vajaka lauka pie 3.32- 3.33 m.d., attiecigs signals (2E)-izoméros ir pie 3.04-3.05 m.d.

8. 2-N,N-DIMETILAMINOMETILIDEN-7-ALKILIDENCEFEMU REAKCIJA
AR HIDROKSILAMINU

Apstradajot 2-N,N-dimetilaminometilidénaizvietotus 7-(2-arilmetoksiimino-
propilidén)-cefémus 32b,c,e ar hidroksilamina hidrogénhloridu acetonitrila 40-50°C
temperatiira, tika panakta dimetilaminogrupas aizvietoSanas ar hidroksiaminogrupu, kura
talak pievienojas ceféema dubultsaitei, to Skelot, un, galarezultata radas 1-terc-
butoksikarbonilmetil-4-(5"-metilizoksazol-4'-sulfonil)-3-(2-arilmetoksiiminopropilidén)-
azetidin-2-oni 33b,c,e.

Ar— >

Q
d
Nx Me H
O,
0, s
H™ N\ S\=""NMe, NH,OH - HCI T NHOH
—N_ =
o N ~ Me Me
COOBu- ¢ COOBu-t
32b,c,e
Ar/\O
=
NS Me 3
0, &
BN ,
. 'S N H \ 3 4 Soz \ %\12
:_ /N > 21 50 O 1
—N <~ -~0 N Me
U b Me O \
COOBu-t
COOBu-t
33b,c,e

b Ar=C(H,, ¢ Ar=2-BrC(H,, e Ar=4-BrC;H,
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9. 6-(2-OKSOALKILIDEN)-PENICILANSKABES ATVASINAJUMU IEGUSANA

Izmantojot  6-oksopenicilanskabes terc-butilesteri  (34) ka Vitiga reakcijas
karbonilsaturo$o komponentu un to kondensgjot ar N-metil-N-metoksikarbamoilmetilidén- un
3-etoksikarbonil-2-oksopropilidén(trifenil)fosforaniem 2a,b, iegati 6-(N-metil-N-
metoksikarbamoilmetilidén)- un 6-(3-etoksikarbonil-2-oksopropilidén)-penicilanskabes terc-
butilesteri 35a,b kas talak pec oksidésanas ar MCPBA parveérsti attiecigajos sulfonos 36a,b.

H H
O Me  ap H - s Me MCPBA
Me > Me

0 34 COOBu- ¢ 0) 350, COOBu- ¢

a R=MeO(Me)N; b R= EtOCOCH,,
Savienojumu 36a,b 'H KMR spektru analize paradija, ka sintezétie savienojumi ir
lidzigi atbilstoSajiem cefémiem 4a,b un tiem ir (6Z)- konfiguracija.

10.  6-(2-OKSIIMINOPROPILIDEN)-PENICILANSKABES ATVASINAJUMU
IEGUSANA

6-(2-Oksopropilidén)-penicilanskabes terc-butilestera sulfoksids 37a un sulfons 37b
tika kondenséti ar hidroksi-, metoksi- un arilmetoksiaminu hidrogénhloridiem 16a-c,e,i natrija
acetata klatbuitne.

Me
0]
MeONH, HCI Il
16i - Me
Me
NaOAc N ",
MeOH COOBu-¢
anti-38
R!'ONH, HCI AP ? ’
2 - - Me
16a-c,e,i 7 i ]<
N , Me
NaOAc ' i
COOBu- ¢
MeOH 0 sin-39a-c,e,i anti-39a-c,e,i 4
16,39 aR! =H b R! = PhCH,, ¢ R = 2-BrC;H,CH,, e R! = 4-BrC,H,CH,, i R! = Me

37an=1; b n=2

Kondensacijas produkti 38 un 39a-c.e,i tika izdaliti ka sin- un anti- izoméru
maisijumi, no kuriem dazus ar kolonnas hromatografijas metodi izdevas sadalit.

11. 6-ALKILIDENPENICILANSKABES IEGUSANA

Apstradajot  6-(N-metil-N-metoksikarbamoilmetilidén)- un 2-oksopropilidén-1,1-
dioksopenicilanskabes terc-butilesterus 36a un 37b ar trifluoretikskabi dihlormetana $kiduma
pazeminata temperatiira, atSk&las terc-butilestera grupa un rezultata radas attiecigie
penicilanskabes atvasinajumi 40 un 41 ar brivo karboksilgrupu.
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Rl

Rl
O O O 0 O\\ //O
\\ 7/ Me
M
HTN © TFA HT N S

NJMG N—i, Me
0 ‘COOBu- 0 COOH
36a R = MeO(Me)N 40 R = MeO(Me)N
37b R=Me 41 R=Me

12. SINTEZETO SAVIENOJUMU STRUKTURAS-AKTIVITATES SAKARIBU
ANALIZE

Sintez&to cefalosporina un penicilina struktiiranalogu biologiskie p&tijumi tika veikti
OSI Eksperimentalas kimijterapijas grupa Dr. biol. Irinas Sestakovas vadiba.

Savienojumu citotoksiskais efekts in vitro tika pétits uz monoslana véza Stnu HT-
1080 (cilveka fibrosarkoma), MG-22A (pelu hepatoma) un normalam S$inu NIH3T3 (Swiss
Albino peles embrija fibroblasti) kultiram. Test€to savienojumu inhib&josais efekts tika
noteikts spektrofotometriski, krasojot $tinas ar kristalvioleto (CV), kas kraso tikai dzivo §tnu
membranas un ar 3-(4,5-dimetiltiazol-2-il)-2,5-difenil tetrazolija bromidu (MTT) - reagentu,
kas raksturo mitohondrialo oksidoreduktazu aktivitati. KrasoSana ar neitralsarkano (NS)
pamatojas uz krasvielas speju difuizijas cela Skérsot Sinu membranas un akumuléties $tinu
lizosomas. NIH3T3 Stnu krasoSana ar NS deva iesp€ju, izmantojot Nacionalas veselibas
institita (ASV) izstradato metodi, neizmantojot in vivo eksperimentus, noteikt test&jamo
savienojumu sagaidamas LDsg vertibas péc vienadojuma:

log(LDsp [mmol/kg]) = 0,435 x log(ICso[mmol/I]) + 0,625

kur: 1Cso pg/ml - vielas koncentracija, pie kuras izdzivo 50% no $tnu daudzuma

(salidzinot ar kontroli).

Zinams, ka slapekla oksida radikali reagé ar olbaltumvielam un nukleinskabém,
partraucot véza $tinu kancerogenézes procesu, un tade] tika pétita sintez&to savienojumu spé&ja
generdt slapekla oksida radikalus $tnu vide. Sim nolikam tika izmantota kolorimetriska
Greisa metode, merot metabolisma gala produkta - nitrita anjona (NO;") koncentraciju.

12.1. Cefemu un penamu struktiuras-aktivitates sakaribu analize atkariba no
aizvietotaju struktiiras

Pretvéza aktivitates, sagaidama toksiskuma un NO radikalu gener&joSo ipasibu
izmainu analize atkariba no sintez€to cefému aizvietotaju uzbiives un konfiguracijas 7-
stavokli (sk. 1. att€lu) lava konstatét, ka:

a) 2-oksoalkilidéngrupa esoSie aizvietotaji cefémiem 4a-C uzrada saméra augstu
citotoksicitati attieciba pret véza Stinam kombinacija ar zemam LDsp vertibam un saméra
vajam NO radikalu genergjosam ipasibam;

b) cefemu 5d,e formilalkilidengrupai neatkarigi no tas konfiguracijas, ir izteikts citotoksisks
efekts ka pret véza, td pret normalam S$tnam, un ir negativa ietekme uz NO radikalu
generéSanu,;

c) ceféemu 8a-d arilmetilidén- un furilmetilidéngrupa, atkariba no konfiguracijas, benzola
gredzena aizvietotaju dabas un izvietojuma, nodroSina véza un normalo S$tnu
citotoksiskuma spektru plasa diapazona kombinacija ar mérenam NO radikalu
generéjosam pasibam;
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d)

ceféemiem (72)-9, (7E)-10, 15 ar konjugétu triskarSo un dubultsaiti molekula piemit §tnu
toksiskums, kas lidzigs savienojumiem ar formilalkilidéngrupu, tacu tiem ir augstaka NO
radikalu generéSana.

1. attels

7-Alkilidéncefému struktiiras tipi

(TE)-5d,e (72)-8a-d (TE)-8a-c

© (7E)-10 |
(7Z)-(2-Oksopropiliden)-3-metil-1,1-dioksocef-3-ém-4-karbonskabes  terc-butilestera

(4d) atvasinajumu struktiiras-aktivitates sakaribu analize atkariba no C(4) un C(7) stavokli
esoSo aizvietotaju uzbiives un konfiguracijas (sk. 2. attélu) lava konstatét sekojoso:

a)

b)

c)

d)

cefemu 17a,b,k,I oksiiminopropilidéngrupas struktiiras un Sin- vai anti-konfiguracijas
vari€Sana veicina augstu citotoksicitati pret véza un zemu - pret normalam $tinam, ka ar1
mérenas NO radikalu genergjosas ipasibas;

cefemu 22 un 23 oksimiinogrupas aizvietoSana ar hidrazonogrupu negativi ietekmée
citotoksicitati attieciba pret véza $inam un NO radikalu generésanu;

cefema 25 oksiiminogrupas parveérSana benzoiloksiiminogrupa nodro$inaja paaugstinatu
citotoksicitati pret véZa Siinam un zemu toksicitati pret normalam §tinam, ka art mérenas
NO radikalu genergjosas ipasibas;

karboksilgrupas atbrivoSana no terc-butilaizsarggrupas praktiski neietekmé cefému 28b,d
biologiskas Tpasibas salidzinot ar izejsavienojumu 4d;

karboksilgrupas eliming$ana bitiski palielina toksicitati attieciba pret normalam $inam
neatkarigi no aizvietotaja struktiras C(7) stavokli, pazeminot ceféemu 30b-g LDsg vértibas
salidzinot ar nedekarboksilétiem ceféemiem 17b-g.
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2. attels
7-(2-Oksiiminopropilidén)cefému struktiiras tipi

anti-17b-1 sin-17b-1

0
0 R Me
0. .0 0. .0
N //
H N\ =S H N S
N~
N
o = e 0 Me
) COOH H
anti-22,23 anti-25 R=2-BrC¢H, 28b,d 29
Ar
o
\ Me Me
N
wj\ Wj\Me
antz-30b-g sin- 30b -8

Biologiskas aktivitates izmainas, kas saistitas ar N,N-dimetilaminometilidéngrupas
ievadiSanu 7-alkilidénceféemu C(2) stavokli un tas transformacija (sk. 3. attélu) parada ka:

a) cefemu 31, 32 citotoksicitate pazeminas attieciba pret normalam $tnam un attiecigi
palielinas LDsg vértibas, un, Iidzigi izejsavienojumiem 8, 17, saglabajas augsta aktivitate
attieciba pret véza Stinam in Vitro;

b) ceféemu 32b,c,e dihidrotiazina cikla SkelSana un to parversana azetidinonos 33b,c,e izraisa

citotoksicitates pavajinasanos pret véZza un normalam S$tnam, salidzinot ar N,N-
dimetilaminometilidénaizvietotajiem izejsavienojumiem 32b,c,e.
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3. attels
2-N,N-Dimetilaminometilideénaizvietoto cefému un to atvasinajumu struktiras tipi

H
0..0 4 o o 4
H Sl \\S// =
N NMe, R! N NMe,
NZ R’ N R
(@) (0]

COOBu-t COOBu-¢
Ar 7Z-31a,e 7E-31a,e
(0]
/ N Ar/\g
\_Me 07"\ Me N
H H \_Me
gz ArJ q 0O, P
H N = NM62 N NMez H AN 802 \ \}\]
N =~ N~ O
fe} M 0 Me o N Me
COOBu- ¢ COOBu-t¢ \W
anti-32b-h sin-32b—h 33b,c,e COOBu-t¢

Strukturas-aktivitates sakaribas C(6) stavokli modificéto penamu gadijuma butiski neatSkiras
no sakaribam, kuras piemit cefémiem, kas lidzigi aizvietoti C(7) stavokli.

12.2. B-Laktamazes inhib&joSo ipasibu noteikSana in vitro

Savienojumu B-laktamazes inhibgjosas Tpasibas tika testétas, ka substratu izmantojot
Nitrocefinu. Enzima iedarbibas rezultata notiek [-laktama cikla hidrolitiska SkelSana un
$kiduma krasa mainas no dzeltenas uz sarkanu. So pareju novéro spektrofotometriski, nosakot
optiska blivuma izmainu pie A=386 nm, test€jamo vielu klatbiitne.

H . H
4 NG s HO ~N
l ¢ NO, 2 .
(0] P TE——
S N A~ 2 B-laktamaze o
o Enterobacter
COOH cloacae COOH
NO
Nitrocefins A 390 nm 2 A 386 nm
PMe
Me/N 0)
O\\ //O \\ //
/w H™ N\ S
m L g
COOH 0 Me Me
_ COOH COOH
Tazobaktams 1Cs, 3,3uM 28b IC,, 8.2uM 28d IC,, 14,4uM

B-Laktamazes inhib&joso Tpasibu test€Sana veikta 2-oksopropilidén- un N-metil-N-
metoksikarbamoilmetilidénaizvietotiem cefémiem un penamiem ar terc-butilesterificéto un
brivo karboksilgrupu. Skrininga rezultati attieciba pret penicilinazi Enterobacter cloacae
liecina par to, ka (7Z)-(N-metil-N-metoksikarbamoilmetilidén)- un (7Z)-(2-oksopropilidén)-3-
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metil-1,1-dioksocef-3-ém-4-karbonskabes 28b,d atskiriba no minéto skabju terc-butilesteriem
(72)-4b,d divkart pazemina enzima Kkatalitisko aktivitati (ICsp 8.2 uM un 14.4 uM
koncentracijas, kuras ir tuvas attiecigajam Tazabaktama raditajam - 1Csy 3.3 uM). No lidzigi
modificétiem C(6) stavokli penamiem vaj$ inhibgjosais efekts (ICso 200 uM koncentracija)
tika konstatéts tikai (6Z)-(N-metil-N-metoksikarbamoilmetilidén)-1,1-dioksopenicilanskabei
40 un tas terc-butilesterim 36a.

P&tijumu rezultati liecina, ka pretvéza 7-alkilidén-3-metil-1,1-dioksocef-3-€ém-4-
karbonskabju terc-butilesterus péc karboksilgrupas atbrivosanas var parverst par [3-laktamazes
inhibitoriem.

SECINAJUMI

1. Izmantojot Vitiga reakciju, izejot no 7-oksocefemkarbonskabes terc-butilestera un 6-
oksopenicilanskabes terc-butilestera, veikta 7-alkilidénaizvietotu cefalosporinu un 6-
alkilidénaizvietotu penicilinu (Z)- un (E)-stereoizoméru sintéze.

2. Sintez&to ceféemu un penamu (7Z)- un (7E)-izoméru savstarpgja attieciba ir atkariga no
alkilidéngrupas struktiiras. Stereoizoméri sadalii ar kolonas hromatografijas palidzibu; to
identificésana veikta pec *H KMR spektriem.

3. SonogaSiras  sametinasanas reakcijas  apstaklos veikta  (7E)-alkilidénceféma
stereoselektiva sintéze. Meérkprodukts legiits, apstradajot (7E)-
brommetilidéncefémkarbonskabes terc-butilesteri ar trimetilsililacetilénu.

4. levadot 2-arilmetoksiiminopropilidéngrupas cefalosporinu un penicilinu [-laktama
ciklos, radas reakcijas produktu sin- un anti-izoméru maisijumi, kurus atseviskos
gadijumos izdevas sadalit, un, izmantojot '"H KMR spektrus, pieradit to strukttru.

5. Izmantojot Vilsmeijera reagentu, cefalosporina C(2) stavokli ievadita N,N-
dimetilaminometilidéngrupa, kura reaggjot ar hidroksilaminu inici€ reakciju virkni. Tas
rezultata Skelas dihidrotiazina cikls un veidojas azetidin-2-ons.

6. lzmantojot trifluoretikskabi, panakta dazu alkilidénaizvietoto cefalosporinu un penicilinu
terc-butilesteru $kelsanas. Cefalosporinu karboksilgrupa ir stabila skaba vide; baziska
vide ta dekarboksilgjas.

7. 7-Alkilidénaizvietoto cefalosporinu struktiiras aktivitates sakaribu noteikSana paradija, ka
atseviSkos gadijumos $So savienojumu pretvéza efektivitate ir atkariga no (7Z)- un (7E)-
vai sin- un  anti-izom@rijas.  Pretvéza  aktivitati  paaugstina  N,N-
dimetilaminometilidéngrupas ievadiSana un s€ra atoma oksidéSana Iidz sulfonam, bet
pazemina - karboksilgrupas elimingsana.

8. Dazi 7-alkilidénceféemkarbonskabju terc-butilesteri ar pretvéza aktivitati péc terc-
butilgrupas eliminéSanas (ka brivas karbonskabes) parvérSas par [(-laktamazes
inhibitoriem.
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Introduction

Actuality of investigation. It is well known that the effectiveness of the treatment of
infection diseases since the 40-ties of the XX century have been dramatically improved due to
the discovery of antibiotics and their implementation in medical practice. Penicillin was the
first and the most important representive of this type of biologically active substances. It
helped to develop the theory and practice of antibiotic therapy based on the employment of
microbial methabolic products for medical purposes.

The deciphering of penicillin structure helped the discovery of the unique role of -
lactam heterocycle in the mechanism of its antibacterial action on the molecular level and of its
inactivation by resitant strains of bacteria. It helped to develop an effective strategy for the
solution of the resistance problem based on the development of B-lactam containing antibiotics
such as cephalosporin, carbapenem, penem etc., and their analogues with modifed structure. As
a result there were developed drugs with improved pharmacological properties such as broad
antibacterial spectrum and activity against 3-lactamase producing resistant bacteria.

At the end of the 80-ties there were discovered cephalosporin derivatives with
antiinflammatory activity. Synthetically this goal was achieved by antibiotic carboxyl
esterification, sulphur oxidation and acylamino group substitution in position 7 with chlorine
or methoxy group. It was found that on the molecular level these compounds are acting as
inhibitors of human leukocyte elastase. As a result there were discovered p-lactam derivatives
with antivirus, antitumor, anticoagulant and with other properties acting as inhibitors of
specific serine and cysteine proteases.

The goal of investigation. On the basis of recent literature data and investigations
carried out at the Latvian institute of organic synthesis (LIOS) in the mentioned field of
medicinal chemistry, we considered as perspective to realize an ivestigation aimed at the
synthesis of new 7-alkylidene substituted cephalosporin and 6-alkylidene substituted
penicillin derivatives and their structure activity relationship analysis, which is necessary for
the creation of perspective compounds with antitumor and -lactamase inhibititing properties.

Experimental realization of this program included the synthesis of new tert-butyl 7-(2-
oxoalkylidene)-,  7-arylmethylidene-3-methyl-1,1-dioxoceph-3-em-4-carboxylates,  7-(1-
alkylidene-1-formyl)-3-methylceph-3-em-4-carboxylates, 6-(2-oxoalkylidene)- and 6-(2-
arylmethoxyiminopropylidene)-1,1-dioxopenicillanates  structrual — derivatives and the
screening of their antitumor and B-lactamase inhibiting properties in vitro.

1. PREPARATION OF 7-(2-OXOALKYLIDENE)CEPHEMS

New tert-butyl 7-(N-methoxy-N-methylcarbamoylmethylidene)-, 7-(3-etoxycarbonyl-
2-hydroxyprop-2-enylidene)- and 7-(2-(2-furyl)-2-oxoethylidene)-3-methyl-1,1-dioxoceph-3-
em-4-carboxylates 4a-c were obtained by tert-butyl 3-methyl-7-oxoceph-3-em-4-carboxylate
(1) condensation with N-methoxy-N-methylcarbamoylmethylidene(triphenyl)phosphorane
(2a), 3-ethoxycarbonyl-2-oxopropylidene(triphenyl)phosphorane (2b) and 2-(2-furyl)-2-
oxoethylidene(triphenyl)phosphorane (2c) and by oxidation of intermediates 3a-c with 3-
chloroperbenzoic acid (MCPBA).
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B MCPBA
—_—
N~
0 Me Me
COOBu-¢ COOBu-?

1 3a-c
2,3,4a R'=MeO(Me)N, b R'=EtOCOCH,, ¢ R!=2-furyl

The analysis of *H NMR spectra for non-oxidized isomeric mixtures 3a-c revealed
considerable excess of (7Z)-isomers. The amount of minor (7E)-isomers usually did not
exceed 5% and after oxdation and following chromatographic purification their quantitative
isolation failed. (7Z)-Configuration of end products 4a-c was confirmed by *H NMR spectra.
Due to anisotropic influence of B-lactam carbonyl CS of C(9) protons were in the interval of
6.62 - 7.19 ppm. In *H NMR spectra of compound 4b C(11) and OH resonance signals were
observed at 5.51 and 11.67 ppm proving the predominance of enol structure (>90%) of the
compound.

EtO EtO
11
\_OH
H H
P ——————

2. PREPARATION OF 7-(FORMYLALKYLIDENE)CEPHEMS

The condensation of tert-butyl 3-methyl-7-oxoceph-3-em-4-carboxylate (1) with o-
formylethylidene(triphenyl)phosphorane (2d) and formylmethylidene(triphenyl)-phosphorane
(2e) led to the formation of 7Z- and 7E-isomeric mixture of tert-butyl 7-(1-formylalkylidene)-
3-methylceph-3-em-4-carboxylates 5d,e in 3:2 ratio. Both stereo isomers were separated by
the help of column chromatography.

COOBu- COOBu-
77-5d,e 7E-5d,e
2,5dR!=Me, eR! =H

Structural identification of the isomers was performed by the usage of an aldehyde
proton chemical shift in their *H NMR spectra. (7E)-Configuration of C(7) substituent
provides the formation of hydrogen bond between C(10) proton and B-lactam carbonyl. In
(72)-isomer such interaction is impossible. Indeed in *H NMR spectra of tert-butyl (7E)-(1-
formyl-1-methylidene- or ethylidene)-3-methylceph-3-em-4-carboxylates (7E)-5d,e the signal
of C(10) proton shifted more downfield (10.36 and 10.30 ppm) than the same signal of the
(7Z)-5d,e isomers (9.73 and 9.80 ppm).
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(72)-5d (7E)-5d

3. PREPARATION OF 7-ARYL- AND 7-HETEROARYLMETHYLIDENE
CEPHEMS

New 7-arylmethylidene and 7-(2-furyl)methylidene substituted cephems 7a-d were
synthesized by the help of a Wittig reaction between tert-butyl 3-methyl-7-oxoceph-3-em-4-
carboxylate (1) and alkylidene(triphenyl)phosphoranes 6a-d with the formation of
unseparable mixture of 7a-d (7Z)- and (7E)-isomers. Structural identification of stereocisomers
was performed by the help of '"H NMR spectroscopy. Due to the deshielding effect of f-
lactam carbonyl the signal of C(9) proton in (7Z)-isomers (7Z)-7,8a-d was shifted downfield
comparing to the same signal in (7E)-7,8a-d isomers. Less than 10% of (7E)-(2-
furyl)methylidene substituted cephem (7E)-7d in the reaction mixture by comparing integral
intensities of C(9) protons in both 7d (7E)- and (7E)-isomers. The attempt to isolate the minor
oxidized product (7E)-8d from reaction mixture failed.

R' H
RICH=PPh, Lo Cs)n s 0,
6a-d N RN S
— +
N~ N _~
(@] Me 0 Me
COOBu- ¢ COOBu-?
MCPBA MCPBA

(72)-7a-d n=0 (7E)-7a-d n=0
(72)-8a-d n=2 :I (7E)-8a-c n=2 :’
aR!=4-CIC;H,, b R! = 4-NCCH,, ¢ R! = 2-BrCH,, d R! = 2-furyl

4. SELECTIVE SYNTHESIS OF 7TE-ALKYLIDENE CEPHEMS

In the previous investigation carried out in LIOS it was found that tert-butyl 3-
acetoximethyl-7-(3-trimethylsilylpropyn-2-ylidene)ceph-3-em-4-carboxylate (9) with (72)-
configuration was practically the only product of the Wittig reaction.

SiMe,

i .
O\\S/ /O O\\ S//O
H —
A Me,Si— — N
N~ N~
0 CHZOAC 0 Me

COOBu- ¢ COOBu-¢
72-9 7E-10
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That is why for the targeted preparation of (7E)-10 (7E)-isomer there was employed a
regioselective method of (7E)-alkylidene substituted cephem preparation. Its experimental
implementation included:

e) tert-butyl 3-methyl-7-oxoceph-3-em-4-carboxylate (1) conversion into tert-butyl 7-
dibromomethylidene-3-methylceph-3-em-4-carboxylate  (11) by the help of
dibromomethylidene(triphenyl)phosphorane;

f) 7-dibromomethylidene  cephem 11  stereoselective  debromation into (7E)-
bromomethylidene cephem (7E)-12 by Zn/NH,CI,

g) (7E)-bromomethylidene cephem (7E)-12 oxidation into sulfone (7E)-13;

h) (7E)-bromomethylidene 1,1-dioxocephem (7E)-13 conversion into tert-butyl 3-methyl-1,1-
dioxo-(7E)-(3-trimethylsilylpropyn-2-ylidene)-ceph-3-em-4-carboxylate ((7E)-10) by the
treatment with trimethylsilylacetylene (14) using conditions of the catalytic Sonogashira
coupling reaction.

Zn/NH,CI
1b + [Br,C=PPh, +Br,PPh, ] —= wj\ %

!

COOBu-t¢ COOBu-¢
CBT4 + 2PPh (7E)_12
MCPBA
H
Me,SIC=CH . Qo
r
14 N
(TE)-10
Cul, Pd(dba),, i-Pr,NH N A~y
0 e
COOBu-¢
(TE)-13

For the case of 7-dibromomethylidene cephem 11, the same coupling reaction with
two equivalents of trimethylsilylacetylene (14) resulted in the formation of tert-butyl 3-
methyl-1,1-dioxo-7-[1,5-bis(trimethylsilyl)-1,4-pentadiyn-3-ylidene]-ceph-3-em-4-carboxylate
(15).

SiMe,
Br o o / /
N S// 2 Me3 SiC=CH O\\
Br N\ 14 Me,Si = A\
N~ Cul, Pd(dba),, i-Pr,NH N~
O Me
COOBu-¢ COOBu-t¢

11

5. PREPARATION OF 7-(2-OXYIMINOALKYLIDENE)-CEPHEMS

tert-Butyl |(7Z)-(2-hydroxyiminopropylidene)-3-methyl-1,1-dioxoceph-3-em-4-
carboxylate as a mixture of syn-17a and anti-17a isomers was obtained by the treatment of
tert-butyl 3-methyl-1,1-dioxo-(72)-(2-oxopropylidene)-ceph-3-em-4-carboxylate (4d) with
hydroxylamine hydrochloride (16a) in the presence of sodium acetate.
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OH
O\ Me N\—Me N Me
HTN O\\s//O HONH, HCI /g:r\ 4 H/g:?s/”o
16a
Nj)\ NaOAc N%
Me (e Me

0 MeOH
COOBu-t COOBu t COOBu-t

4d syn-17a anti-17a

The structure of obtained syn-17a and anti-17a isomers was confirmed by ‘H-'H
NOESY spectra. There were registered cross peaks between C(9) and HON protons in
compound syn-17a and between NOH and Me group in compound anti-17a. As a result the
signal of C(9) proton (6 7.41 ppm) was shifted downfield as compared with the same signal in
anti-17a isomer (6 6.48 ppm).

tert-Butyl  (72)-(2-arylmethoxyiminopropylidene)-3-methyl-1,1-dioxoceph-3-em-4-
carboxylate syn- and anti-isomer mixtures were obtained by the treatment of 4d with
arylmethoxyamine hydrochlorides 16b-h in the presence of sodium acetate.

Ar
P
(0] N —N
N\—Me NH -HCl N\_-Me JO N\—Me
O\\ B Ar/\ o~ NH, O\\S O Ar NP
AT S 16b-h HTN HTN
+
N~ NaOAc N~ N~
0 Me MeOH 0 Me 0 Me
COOBu-¢ COOBu-¢ COOBu-¢
4d anti-17b-h syn-17b-h

16,17 b Ar = Ph, ¢ Ar = 2-BrCH,, d Ar = 3-BrC H,, e Ar =4-BrCH,,
f Ar=2-CICH,, g Ar = 2-FC H,, h Ar = 2-CF,C H,;

The resolution of syn- and anti-isomers in the case of 17b,c,f-h was successfully
realized by the help of column chromatography. The structures of appropriate isomers were
estimated on the base of *H NMR spectral data using as a model cephem 17¢, which syn- and
anti-isomers were characterized by *H-'H NOESY spectroscopy. In compound syn-17c there
was observed a cross peak between C(9) and CH,ON protons. As a result the signal of C(9)
proton was shifted downfield and registered at 7.62 ppm as compared with to the same signal

in anti-17¢ (6 6.90 ppm).
C(H,Br-2

syn-17¢ anti-17¢
New tert-butyl 7-(2-arylmethoxyimino)- and 7-(pyridylmethoxyiminopropylidene)-3-
methyl-1,1-dioxoceph-3-em-4-carboxylates 17i-1 were prepared by the substitution of
hydrogen in hydroxyimino group of 17a with sodium and following O-alkylation of
intermediate 18 with arylmethylbromides 19i,j or with 3- and 4-pyridylmethylchlorides 19k,l.
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HON
N\—Me
O\\S//O
HTN NaH
—_—
N~
0 Me
COOBu-¢
17a

N~

COOBu-¢

18 —

A X A
19i-1

N
JOM N\\_—-Me
(ON //O
H N S
N~
0 Me
COOBu-¢
17i-1

17,19 Ar = 2,6-C1,C H,, j Ar = 3,4-CL,CH,, k Ar = 3-Py, | Ar = 4-Py,
19i,j X =Br; 19 k1 X =Cl
Modificaton of arylmethoxyimino fragment in cephems 17 by the treatment of tert-
butyl 3-methyl-1,1-dioxo-(72)-(2-oxopropylidene)-ceph-3-em-4-carboxylate (4d) with 4-
bromophenylhydrazine (20) and semicarbazide (21) hydrochlorides was realized for the
purpose of obtaining information about changes in structure activity relationship connected
with the modification of -CH,ON= fragment.

(0]
4-BrCH, H2N—4
;\IH }\IH
N
\_Me N\_Me
9, 4-BrC,H,NHNH ©
H\ S -BrCH, ) H,NCONHNH, HTN S
20 HC1 21 HC1
6.97 ppm 4d 6.95 ppm
N .~ N =
(o) Me (o) Me
COOBu-¢ COOBu-¢
anti-22 anti-23

As a result there were obtained 4-bromophenylhydrazone un semicarbazone
derivatives 22 and 23 with anti-configuration of hydrazone group. The structures of the
compound obtained were confirmed by their *H NMR spectra, where the C(9) proton signal
was observed at 6.97 ppm and 6.95 ppm, and their CS values were close to the appropriate
chemical shifts of C(9) protons in anti-cephems 17a-k.

(72)-[2-anti-(2-bromobenzoyloxyimino)propylidene]-cephem 25 with anti-
configuration of oxyimino group, confirmed by the CS of C(9) proton (& 7.09 ppm), was
synthesized by the acylation of tert-butyl (7Z)-(2-hydroxyiminopropylidene)-3-methyl-1,1-
dioxoceph-3-em-4- carboxylate (17a) with 2-bromobenzoy! chloride.

C(H,Br-2
(0]
/
N
N\_-Me
2-BrC,H,COCI 22
17a 24 7.09 ppm
N~
0 Me
COOBu-t
anti-25

(72)- and (7E)-(2-arylmethoxyiminoethylidene)-cephems (7Z-anti)-26¢,d, (7Z-syn)-
26¢,d and (7E-anti)-26¢,d, (7E-syn)-26¢,d as a mixture of anti- and syn-stereoisomers were
obtained by the condensation of tert-butyl 7-(1-formylmethylidene)-3-methylceph-3-em-4-
carboxylates (7Z2)-5e and (7E)-5e with arylmethoxyamine hydrochlorides 16c¢,d in the
presence of sodium acetate.
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Ar— N\

P
N —N
N H O \ H
10
9 0, ArJ 910
H™ X\ S HTN\ S
. +
N~ N~
(@) Me 0 Me
COOBu-¢ COOBu-¢
(72)-5¢  16¢,d (7Z-anti)-26¢,d n =0 (7Z-syn)-26¢,d
+ (7Z-anti)-27¢c,dn =2
MeOH
Me
COOBu-¢ COOBu-t¢
(7E-anti)-26¢,d n=0 (7E-syn)-26¢,d
(7E-anti)-27¢,dn=2

¢ Ar=2-BrCH,, d Ar=3-BrC,H,,

The conversion of formyl- into arylmethoxyiminogroup created prerequisites for the
oxydation of cephem sulphur into sulfone with the help of MCPBA. Chromatographic
resolution of the reaction mixture resulted in the isolation of only cephems (7Z-anti)-27c,d
and (7TE-anti)-27c,d  with anti-configuration.  The identification  of  2-
arylmethoxyiminoethylidene group in cephems (7Z-anti)-28c,d and (7E-anti)-28c,d was
realized by comparing their chemical shifts belonging to C(9) and C(10) protons with
chemical shifts of to C(9) and C(10) protons in (7Z)- and (7E)-izomers of starting cephem 5e
and with chemical shift of C(9) proton in cephem 17c¢ both anti- and syn-izomers.

6. PREPARATION OF 7-ALKYLIDENECEPHEM-4-CARBOXYLIC ACIDS,
AND DECARBOXYLATED 7-ARYLMETHOXYIMINO SUBSTITUTED
DERIVATIVES

The treatment of tert-butyl 7-alkylidene-3-methyl-1,1-dioxoceph-3-em-4-carboxylate
(72)-4b,d with trifluoroacetic acid in dichloromethane at 0°C promoted the splitting of the
ester group and formation of (7Z)-(N-methyl-N-methoxycarbamoylmethylidene)- and 3-
methyl -1,1-dioxo-(72)-(2- oxopropylidene)-ceph-3-em-4-carboxylic acids (72) -28b,d.

N\\—R
\ / H/g'/ %
wj\ 28 —> wj\
N~ -CO,

COOB -t
COOH 6 56 ppm H
(77)-4b,d 28b.d ppm

b R=Me(MeO)N, d R=Me
Addition of pyridine to 3-methyl-1,1-dioxo-(7Z)-(2-oxopropylidene)-ceph-3-em-4-
carboxylic acid (28d) solution in acetonitrile initiated the decarboxylation reaction. *H NMR
spectrum of the obtained 3-methy-1,1-dioxo-(7Z)-(2-oxopropylidene)-ceph-3-em (29)
contained characterictic C(4) proton signal at 6.56 ppm.
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Condensation of the decarboxylated cephem 29 with arylmethoxyamine
hydrochlorides 16b-g in the presence of sodium acetate resulted in the preparation of (72)-(2-
arylmethoxyiminopropylidene)-3-methyl-1,1-dioxoceph-3-ems 30b-h, whose resolution into

individual syn- and anti-isomers was achieved by column chromatography.
Ar

{

P
O N —N
Me N\_Me JO N\ —Me
N //O -~ H-NH, HCI O\\ //O Ar O //O
H ) S Ar (@] H S H ) S
N 16b-g N . N
N~ N~ N~
0 Me NaOAc 0] Me (o) Me
H

MeOH
29 anti-30b-g syn-30b-g

16,30 b Ar = Ph, ¢ Ar=2-BrC,H,, d Ar=3-BrC,H,, e Ar =4-BrC,H,,
f Ar=2-CICH,, g Ar=2-FC,H,

7. MODIFICATION OF 7-ALKYLIDENECEPHEMS WITH N,N-
DIMETHYLAMINOMETHYLIDENE GROUP

The insertion of N,N-dimethylaminomethylidene group in position C(2) of (7Z)- and (7E)-
isomers of tert-butyl 7-arylmethylidene-3-methyl-1,1-dioxoceph-3-em-4-carboxylate 8a,e was
performed with Vilsmeier reagent. It allowed to prepare 2-N,N-dimethylaminomethylidene
substituted cephems (7Z)-31a,e and (7E)-31a,e.

1 Me,NCHO + (COCI), .

o_,0 | o_,0 H

N R! Vg7
HTN\ S .~ N =
> NMe, (72)-8a,e + — (7E)-8a,e 2 NMe,
Ny o - [MezN:CHCIJ ca — No R
0 o
COOBu-¢ COOBu-¢

(72)-31a,e aR'=4-CICH, R2=H (7E)-31ase

e R1=Ph, R2=0Ac
In the same manner on the base of (7Z)-(2-oxyiminopropyidene)cephems 17a-g there
were  synthesized  tert-butyl (72)-(2-arylmethoxyiminopropylidene)-3-methyl-2-N,N-
dimethylaminomethylidene-1,1-dioxoceph-3-em-4-carboxylates 32a-g.

o-R
/
_— N
P N\ Me N Me H
[ + _ R! O, q 0O,
MezN:CHCl] Cl H N S _— H N NP
NM
17a-g X NMe, N E
=
0 Me [e) Me
COOBu-¢ COOBu- ¢

syn-32a—g anti-32a—-g

17,32aR!'=H,bR' =Bn, ¢ R! = 2-BrC H,CH,, d R! = 3-BrC,H,CH,,
e R! =4-BrC,H,CH,, fR' =2-CIC;H,CH,, g R' = 2-FC,H,CH,
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Resolution of the obtained isomeric mixtures of 32b-g into individual syn- and anti-
iIsomers was achieved by column chromatography.

The analysis of *H NMR spectra of compounds 31 and 32 showed, that due to the
double bond, N,N-dimethylaminomethylidene was represented with (2E)- and (2Z)-isomers in
in excess of (E)-isomer. There were cross-peaks observed in the ‘H-'H-NOESY spectra
between dimethylamino and methyl groups in the 2E-31, 32 isomers. In the 2Z-31, 32 isomers
this effect was observed between =CHN and the 3-methyl group protons.

3.32-3.33 ppm
| 7.23-7.62 ppm
R
RN\ Me
I 3.04-3.06 ppm
74 N _~ Me
O
COOBu-¢ COOBu-¢
(2E)-31,32 (22)-31.,32

That is why in the *H NMR spectra of cephems (2E)-31, 32, due to sulfone oxygen
deshielding effect, the signal of =CHNMe, proton in the (2E)-isomers 31, 32 is shifted
downfield (6 7.23-7.62 ppm) as compared with the same signal of (2Z)-isomers registered at
6.93-6.96 ppm. In compounds (2Z2)-31, 32 due to sulfone oxygen deshielding effect, the signal
of NMe; groups in (2Z)-isomers was shifted downfield at 3.32-3.33 ppm compared to the
same signal in (2E)-isomers (6 3.04-3.06 ppm).

8. REACTION OF 2-N,N-DIMETHYLAMINOMETHYLIDENE-7-ALKYLIDENE-
CEPHEMS WITH HYDROXYLAMINE

The  treatment of  2-N,N-dimethylaminomethylidene  substituted  7-(2-
arylmethoxyiminopropylidene)cephems 32b,c,e with hydroxylamine hydrochloride in
acetonitrile at 40-50°C, allowed the substitution of the dimethylamino group with
hydroxylamino group whose addition to cephem C(3) atom resulted in the splitting of the
double bond and in the formation of 1-tert-butoxycarbonylmethyl-4-(5'-methylisoxazole-4'-
sulfonyl)-3-(2-arymethoxyiminopropylidene)-azetidin-2-ons 33b,c,e.

—
Ar O
Nx Me H
0O,
H™ N S\ —=""NMe, NH,OH - HCI *—( NHOH |
—N_. =
o NF Me Me
COOBu- COOBu-t
32b,c,e /\
0, \
. S H SO Nz'
— | D N
'_N /N
. _~0
b Me
COOBu-t
COOBu-t
33b,c,e

b Ar=C(H,, ¢ Ar=2-BrC;H,, e Ar=4-BrC;H,
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9. PREPARATION OF 6-(2-OXOALKYLIDENE)-PENICILLANATE
DERIVATIVES

The condensation of tert-butyl 6-oxopenicillanate (34) in the Wittig reaction with N-
methoxy-N-methylcarbamoylmethylidene(triphenyl)phosphorane (2a) and 3-ethoxycarbonyl-
2-oxopropylidene(triphenyl)phosphorane (2b) allowed the preparation of tert-butyl 6-(N-
methoxy-N-methylcarbamoylmethylidene)-  and 6-(3-etoxycarbonyl-2-hydroxyprop-2-
enylidene)-penicillanates 35a,b and oxydize them into sulfones 36a,b by the help of MCPBA.

M
2a. Me MCPBA ¢
‘Y, _— T
Me > Me | Me
“COOBu- ¢ 0" 3s4p COOBu-t 0" sap COOBu-

a R!= MeO(Me)N; b R!= EtOCOCH,
The analysis of the *H NMR spectra of penams 36a,b, the same as in case of

analogous substituted cephems 4a,b, confirmed a (6Z)-cofiguration of the substituent in
position C(6).

10. PREPARATION OF 6-(2-OXYIMINOPROPYLIDENE)-PENICILLANATES

tert-Butyl 6-(2-methoxyiminopropylidene)-1-oxopenicillanates (38), 6-(2-
hydroxyiminopropylidene)- and 6-(2-arylmethoxyiminopropylidene)-1,1-dioxopenicillanates
39a-c,e,i were obtained by the condensation of tert-butyl 6-(2-oxopropylidene)penicillanate
sulfoxide and sulfone 37a,b with hydroxy-, methoxy- and arylmethoxyamine hydrochlorides
16a-c,e,i in the presence of sodium acetate.

MeO -N
(0]
MeONH, -HCI
16i 2 Me
Me
NaOAc "y
MeOH . COOBu-¢
Me anti-38
Me
“ COOBu-1
R!ONH, -HCI O 0
2 - Me
16a-c,e,i i ]<
Me
NaOAc '
'COOBu-¢
MeOH 0 syn-39a-c,e,i anti-39a-c,e,i v
16,39 aR!'=Hb R! =PhCH,, ¢ R! =2-BrC(H,CH,, e R! =4-BrC,H,CH,, i R' =Me

37an=1; bn=2

Reaction products 38 and 39a-c,e,i were obtained as syn- and anti-isomer mixtures,
some of which were separated by column chromatography.
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11. PREPARATION OF 6-ALKYLIDENE-1,1-DIOXOPENICILLANATES

The treatment of tert-butyl 6-(N-methoxy-N-methylcarbamoylmethylidene)- and 6-(2-
oxopropylidene)-1,1-dioxopenicillanates 36a and 37b with trifluoroacetic acid in
dichloromethane solution at 0°C led to the splitting of the ester group and to the formation of
acid penam derivativatives 40 and 41.

1

R' o R 0
O\\ //O Me H O\\ //O Me
HTN TFA N S
Nj Me N—, Me
0 “COOBu-1 0 ‘COOH
36a R! = McO(Me)N 40 R' = MeO(Me)N
37b R' = Me 41R' = Me

12. IVESTIGATION OF THE STRUCTURE ACTIVITY RELATIONSHIPS OF
SYNTHESIZED COMPOUNDS

Biologic investigation of the synthesized cephalosporin and penicillin structural
derivatives was realized in the LIOS Experimental chemotherapy group under the supervision
of Dr. biol. Irina Shestakova.

Cytotoxicity of the tested compounds in vitro was determined using HT-1080 (human
fibrosarcoma), MG-22A (mouse hepatoma) and normal NIH3T3 (Swiss Albino mouse
embryo fibroblasts) monolayer cells. Cell inhibiting effect for the tested compounds was
assayed by a multiscan spectrophotometer using crystal violet (CV), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) and neutral red (NR) coloration. Staining of the
NIH3T3 fibroblasts with neutral red (NR) enabled the calculation of the expected toxicity
LDs, for the tested compounds avoiding experiments in vivo, with the aid of the equation
developed by the US National Institute of Health:

log(LDso [mmol/kg]) = 0,435 x log(ICso[mmol/l]) + 0,625
where 1Cso ug/ml — concentration of tested compound providing 50% survival of
NIH3T3cells (comparing with control).

It is known that NO radicals can react with peptides and DNA interrupting tumor cell
proliferation. That is why the synthesized compounds ability to generatate NO radicals in
cells media was tested using colorimetric Griess method, by measuring NO, anion -
metabolic end product concentration.

12.1. The analysis of structure activity relationships for differently substituted
cephems and penams

The analysis of correlations between the structure and configuration of substituent in
position C(7) of cephems (see picture 1) and antitumor activity, expected toxicity and NO
radicals generating properties for the synthesized compounds allowed to make following
conclusions:

e) the attachment of various substituents to the 2-oxoalkylidene group of cephems 4a-c
provided relatively high cytotoxicity against tumor cells in combination with low LDsg
values and relatively weak NO radical generating properties;

f) formylalkylidene group in (E)- and (Z)-isomers of cephems 5d,e increased the cytotoxic
effect against tumor and normal cells but reduced NO radical generation;
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g) cephems 8a-d containing aryl- and 2-furylmethylidene group in position C(7) were
characterized with a wide range of antitumor cytotoxicity in combination with moderate
NO radical generating properties, which in each case was specific for the substituent
structure and configuration;

h) cephems (72)-9, (7E)-10 and 15 with conjugated triple and double bonds were
characterized with equally high cytotoxic effect against tumor and normal cells and with
pronounced NO radical generating properties.

Picture 1
Stuctural types of 7-alkylidenecephems

(7E)-5d,e (72)-8a-d (7E)-8a-c

The analysis of correlations between the structure and configuration of substituents in
tert-butyl (72)-(2-oxopropylidene)-3-metil-1,1-dioxoceph-3-em-4-carboxylates (4d)
derivatives modified in positions C(4) and C(7) (see picture 2) and their antitumor activity,
expected toxicity and NO radical generating properties allowed to make a following
conclusions:

a) structural variation of the oxyiminopropylidene group with no difference in the syn- or
anti-configuration in the case of cephems 17a,b,k,l provided high cytotoxicity against
tumor and low against normal cells in combination with moderate NO radical
generating properties;

b) the oxyimino group substition with a hydrazino group in cephems 22 and 23 resulted in
considerable reduction both an antitumor and NO radical generating properties;

c) conversion of oxyimino group into benzoyloxyimino group improved cytotoxcity of
cephem 25 against tumor, lowered this effect against normal cells and provided only
moderate generation of NO radical;

d) biological properties of starting cephem 4b,d tert-butyl esters and their drivatives 28b,d
with free carboxyl were parctically equal;

e) elimination of the carboxyl group in cephems 30b-g dramatically increased their
cytotoxicity against normal cells and accordingly decreasing their LDsy values
comparing to compounds 17b-g containing esterified carboxyl in position C(4).
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Picture 2
Stuctural types of 7-(2-oxyiminopropylidene)cephems

anti-22,23 anti-25 28b,d 29

Ar
(0]
N
N Me \ Me
\\ // \\
H™ N
wj\Me Wj\Me
anti- 30b -g syn- 30b -8

The changes in biological activity influenced by the insertion of N,N-
dimethylaminomethylidene group in position 2 of 7-alkylidenecephems (see picture 3) are
characterized by the following tendencies:

a) contrary to the starting compounds, cephems 31, 32 demonstrated substantial decrease
in cytotoxicity against normal cells with appropriate increase of their LDsy values
preserving high cytotoxicity against tumor cells;

b) transformation of cephems into azetidinones 33b,c,e decreased the cytotoxic properties
of the tested compounds both against tumor and normal cells comparing with N,N-
dimethylaminomethylidene substituted cephems 32b,c,e.
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Picture 3
Stuctural types of 2-N,N-dimethylaminomethylidene substituted cephems

\\ \\
NMe, NMe
N _~ N~

COOBu-¢ COOBu-¢
Ar 7Z-31a,e 7E-31a,e
Me
H
N NMe2 NMe, H™\ SO,
N~ N~
Me
COOBu- ¢ COOBu-¢
anti-32b-h syn-32b-h 33b.c,e COOBu-l

Structure activity correlations determined for penams similarly modified in position 6 as
cephems in position C(7) were in general similar.

12.2. Investigation of B-lactamase inhibiting properities in vitro

The B-lactamase inhibiting properties for the synthesized compounds were tested
using nitrocephin as substrate. Hydrolytic splitting of nitrocephin -lactam ring catalyzed by
the enzyme was followed by the shift of absorption band. It was determined by obsreving
spectrophotometrically the speed of change of the optical density at 386 nm in the presence
and absence of the tested compounds and standard inhibitor - tazobactam

H 5
H
N
8 O N A = B -lactamase = /
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COOH cloacae COOH
NO

Nitrocephin 1390 nm 2 A 386 nm

/
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‘COOH 0 Me 0 Me

COOH
Tazobactam  1C,, 3,3uM COOH

28b IC,, 8,2uM 28d 1C,, 14,4uM

B-Lactamase inhibiting properties were detected for 2-oxopropylidene- and N-methyl-
N-methoxycarbamoylmethylidene substituted cephems and penams with free and tert-butyl
esterified carboxyl. Obtained results provided evidence that (7Z)-(N-methyl-N-
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methoxycarbamoylmethylidene)- and (7Z)-(2-oxopropylidene)-3-metil-1,1-dioxoceph-3-em-
4-carboxylates (28b,d) in contrast to their tert-butyl esters (7Z)-4b,d reduced in half the
catalytic activity of enzyme Enterobacter cloacae at I1Csp 8.2 uM un 14.4 uM concentrations,
which were close to the similar concentration of Tazobactam (ICsy 3.3 uM). In the case of
similarly modified penams weak inhibiting effect at 200 uM concentration was detected only
for (6Z)-(N-methyl-N-methoxycarbamoylmethylidene)-1,1-dioxopenicillannic acid 40 and its
tert-butyl ester 36a. The obtained results demonstrated possibility to transform the antitumor
tert-butyl  7-alkylidene-3-methyl-1,1-dioxoceph-3-em-4-carboxylates into  [-lactamase
inhibitors by the removal of a protective group from carboxyl.

CONCLUSIONS

1. (2)- and (E)-stereoisomers of 7-alkylidene substituted cephalosporins and 6-alkylidene
substituted pencillines were obtained by Wittig condensation of various phosphoranes
with tert-butyl 7-oxocephem-4-carboxylate or 6-oxopenicillanate.

2. Each structural type of aklylidene group was characterized by specific ratio of (7Z)- and
(7E)-isomers. The resolution of isomers was performed by column chromatography. Their
structures were confirmed by *H NMR spectroscopy.

3. The stereoselective preparation of (7E)-alkylidenecephem was realized by employing the
Sonogashira coupling reaction between (7E)-brommethylidene substituted cephalosporin
and trimethylsilylacetylene.

4. The insertion of 2-arylmethoxyiminopropylidene group in the B-lactam ring of
cephalosporin and penicillin resulted in the formation of syn- and anti-isomer mixtures
whose structures after resolution were confirmed by *H NMR spectroscopy.

5. The insertion of an N,N-dimethylaminomethylidene group in position C(2) of
cephalosporin was realized by employing the Vilsmeier reagent. The reaction of this
group with hydroxylamine initiated a chemical transformation leading to the splitting of
the dihidrothiazine cycle and to formation of an azetidin-2-on.

6. The treatment of alkylidene substituted cephalosporin and penicillin tert-butyl esters with
trifluoroacetic acid resulted in the liberation of the carboxyl. In the cephalosporin molecule
this group was stable in acidic media but easily decarboxylated in base.

7. The analysis of structure activity correlations for 7-alkylidene substituted cephalosporins in
some cases revealed significant differences in antitumor activity for separate (72)-, (7E)-,
syn- and anti-isomers. The insertion of N,N-dimethylaminomethylidene group in position
C(2) and the oxidation of sulphur into sulphone improved the antitumor effect of the
tested cephalosporins. An opposite effect was observed after elimination of carboxyl from
position C(4).

8. It was found that some antitumor 7-alkylidenecephem esters due to the elimination of tert-
butyl protection from the carboxyl group demonstrate 3-lactamase inhibiting properties.
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