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Abbreviations:
AIBN — azobisisobutyronitrile PMB - para-methoxybenzyl
Bn — benzyl Tf — trifluoromethanesulfonyl
CSI — chlorosulfonylisocyanate TMCS — trimethylchlorosilane
LDA —lithium diisopropylamide TMSOTS — trimethylsilyltriflate
Pht — phthalimido Ts — tosyl

1, INTRODUCTION
Intensive investigation of 8-lactam antibiotics during the last decades resulted in the discovery of numerous
natural and synthetic biologically active substances with common heterocyclic moiety used in their general

name (Scheme 1),
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Due to their practical importance S-lactams are objects of permanent chemical interest. There is a variety
of synthetic and biosynthetic methods developed for their preparation and subsequent transformation into
substances needed for medicine, veterinary, agriculture, biology, etc.
Complicated multi-step processes of their production and constant efforts to reduce expenses by technologi-
cal modernization have favored elaboration and introduction of new synthetic approaches in the chemistry
of B-lactams, The so-called silyl methods are playing among them a very important role. Their application
for the modification of -lactam started in 1964 by the preparation of 6-aminopenicillanic acid trimethylsilyl
ester by Glombitza.*
Since that date and especially in the last two decades methodology based on the use of organosilicon and
organotin compounds has become an important part of bioorganic chemistry and it is widely employed in
the synthesis and chemical transformation of all compounds presented in Scheme 1.
The available information on the problem could be classified in the following manner:
- synthesis of monocyclic B-lactams;
— stereocontrolled functionalization of S-lactams or S-lactam antibiotics;
— structural transformations of penicillins, cephalosporins, penems, carbapenems, etc. with the

help of trialkylsilyl protecting groups;
— technological improvements in production and isolation of §-lactams;

— biological properties of f-lactams containing group IVB elements.

2.SILYL AND STANNYL METHODS IN THE SYNTHESIS OF MONOCYCLIC g-LACTAMS
Investigation of the alternative methods for the preparation of biologically active mono- and bicyclic

f-lactams stimulated interest to the chemistry of azetidin-2-ones (1-3).

H HH H H
R._H i JOAC . H,yN. -R R.| :_R?
J:NH J:NH J:Nl H
0 o 0
1 2 3
OH OH
R = H, Alk, MeJ\ R = H, Alk, Ar R = H, Alk, Me"\ ; R* = C=CH, CH=CHPh,

Me
CO,Me, SOPh, /'\COZMe, etc.

First of all this study was aimed at the synthesis of 1—3 using organic substances commercially more
available. Several approaches have been developed for the solution of this problem during the last decade,
the most effective based on the utilization of erganosilicon or organotin compounds are listed below:

a) aldimine — ester enolates or aldimine — acid chloride cyclocondensation;
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b} cyclization of S-amino acid or B-hydroxy acid esters;
c) cycloaddition of chlorosulfonyl isocyanate to functionalized alkenes;

d) cyclization of -amido sulfoxides.

2. 1. Preparation of Azetidin-2-one Derivatives by Cyclocondensation of Aldimines with Ester Enolates

Reformatsky type reaction between a-bromoacetates and N-arylidenaniline described by Gilman and
Speeters has become a prototype for the synthesis of azetidin-2-ones by aldimine and ester enolate
cyclocondensation.

Birkofer and Schramm have successfully used N-trimethylsilyl substituted aldimines for this purpose.'5 It
permited to obtain N-unsubstituted azetidin-2-ones being more suitable for the transformatjon into biologi-
cally active derivatives. It was the first application of silyl methodology in the synthesis of monocyclic

B-lactams.

Hart, Colvin, Cainelli and other authors have introduced important improvements for this synthetic proce-
dure.” ¥ It has been shown that N-trimethylsilyl protection of aldimines allows to avoid some important
structural limitations of the reagent. It gives the possibility to use enolizable aldehydes as azomethine
component in this reaction and, thus, to obtain g-lactams substituted with saturated and unsaturated alkyl

substituents in 4 position,

R R
R sz OX RZ——" R2
N + ——— —
H “SiMe,R'’ R3 OR® - XOR* —N... no

o”

4 5 6 7

R = Alk, Ar, Het; R' = Me, t-Bu; R?=H, Alk, Ar; R® = H, Ali; R* = Me, Et, t-Bu, SiMe,;
X = Li*, ZnCI*, ZnEt*, SiMe,

Various methods for the preparation of N-trialkylsilyl aldimines (4) and their condensation with ester
enolates or ketene silyl acetals (5) are analyzed in the excellent Hart’s review published in 1988.” However,
since that time new experimental data (see the Table 1) on the successful usage of organosilicon and
organotin compounds in these reactions became available allowing to compare the yields and stereochemi-

cal effectiveness for different chemical approaches.
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Table 1. Trialkylsilyl Derivatives of Aldimines Used in Azetidin-2-ones Synthesis
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R3 R2 ox R3
_.N 5 : N\ : 1 _N
0/ \SiMe2R1 H SIMezFI o/ H
6 4 7
R rRT Condi- |R? R X r? Azetidin-2-one Ref.
tons® vield, % cis ! trans
Me Me B Me Me Li Et (7) 94 - 8
Me Me A Et H Li t-Bu (7) 46 78:22 9
Me Me A Et H Li Et (T) 38 846 :14 9
Me Me A (CH2SiMez)sN  H Li Et () 40 90: 10 9
Me Me A (PhCHzN  H Li Et ™ 36 95:5 9
Et Me A Me Me L Et (M 40 - 9
Et Me A (CHaSiMez)s2N  H Li Et ms? 90: 10 9
i-Pr Me A Me Me Li Et (1) 60 - 9
i-Pr Me A Et H Li tBu  (7) 29 8:92 9
i-Pr Me A (CH3SiMe2):N  H Li Et (7) 28 8:92 9
n-Pr Me A Et H Li Et (7 28 72:28 9
n-Pr Me C Et H Li Et (7) 40 75125 10
n-Bu Me B Me Me Li Et (T 98 - 3
n-Bu Me B Et H Li Et (N 93 91:9 8
n-Bu Me B i-Pr H Li Et {99 100:0 8
s-Bu Me B Me Me Li Et {7) 60 - 8
s-Bu Me B i-Pr H Li Et M5B 100: 0 8
n-CsHat t-Bu G Me Me Li Et {6) 20 - 11
n-C7His t-Bu G Me Me Li Et (6} 25 - 11
n-CoHyg Me A Et H Li Et WKL 92:8 9
CH=CH Me A i-Pr H Li Et (Mmu 100:0 12
CH2=C(OMe) Me B Et H Li Et (7) 46 5941 8
Me2C=CH Me A Me Me Li Et (M 3 . 9
MeC=CH Me A Et H Li Et M 20 7723 9
MeQOCH, Me B Me Me Li Et (N 58 - 8
COOCzH;s t-Bu H Me Me SiMe3 Me (6) 85 - 13
PhCH=CH Me A Me Me Li Et (7) 69 - 14
PhCH=CH Me C Me Me Li Et (7) 20 - 15
PhCH=CH t-Bu G Me Me Li Et (6) 82 - 11
PhCH=CH t-Bu G Me MeQ Li Et (6) 02 64 : 36 11
PhCH=CH  Me C Et H Li Et (1) 24 86 : 14 15
PhCH = CH t-Bu G Et H Li Et ) 35 87:13 1
OH
b o~ .
PhCH~CH Me A Me H Li Et (7 50 T0:30 16
OH

PhCH =CH Me A Me"\ Me LiZoEt Me (N 85 1000 17
PhCH=CH®°  CH:SiMe; MeO H OH  (6) 48 100:0 18
PhCH=C(Me)" CH1SiMe; PLO H OH (6) 62 100:0 18
PhCH=C(Me)°* CHz5iMe3 Pht H OH (6) 70 100: 0 19
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Table 1, Trialkylsilyl Derivatives of Aldiminés Used in Azetidin-2-ones Synthesis (Continued).

PRCH=C(Me)® CHaSiMes.

PhCH20CH;
PhSCH=CH
Me3SiCH = CH
PhC=C
PhC=C

PhC=C
PhC=C
4+MeQCgH4C=C
MesSiC=C
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MesSiC=C
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Me

Me

Me

Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

>:§:>'m>mrn>>>ﬁ> mmE> ®

b3

b

L i o i e o B

Pht
Me
i-Pr
Me
Me
Me
OH

Me

Et2N

i-Pr
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(7) 98
(7 81
Mm
M a2
M @
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(7) 85
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%
(7) 86
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n 72
(1) 61
(7 81
(7) 68
) 40
(1) 42
(N 57
(7 95
(M 61
(7) 53
(7) 58
(M 8
(1) 70
(M 9%

100: 0
91:7

25:73

10¢: 0
0:100
100:0

33:.02
30:7
91:9
8:92
29:71
0:100
3:97

93, 7
100 0?
10: 90
99 ; 19
17: 83
JLUAREY)
0: 100
88:12
0:100
1000
9:901
20:71
75:25
1:99
14 : 85

19

20
13
13
13

17
21
12
14
13
13
12
13
14
21
22

23

24

13
14

15
12
12
13
12
13
12
12
12
21
12
14
14
12
22
22
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Table 1. Trialkylsilyl Derivatives of Aldimines Used in Azetidin-2-ones Synthesis (Continued).

SiMe2Ph
Ph Me A Meé H Li Et (T 63 00:0 ~ 26
4-MeOC¢Hs  Me D Et H Li Et (7) 68 §9:11 10
PhSCH=CH Me A i-Pr H Li Et M 76 93:7 12
2-furyl Me C Me Me Li Et (7) 60 - 10
2-furyl Me E Me Me SiMes Me M 76 - 13
2-furyl t-Bu G Me Me  Li Et (6) 65 - 1
2-furyl® G Me Me Li Et (6) 29 - 11
2-furyl’ A Me H SiMes Me (7)) 69 67:33 13
2-faryl t-Bu G Me Ph Li Ft (6) 42 68:32 1
2-furyl Me E Et H SiMes Me . (7) 66 33 67 13
2-furyl Me C Ft H Li Et (7) 56 70: 30 10
2.furyl t-Bu G Et H Li Et (6) 36 100: 0 11
2-furyl Me A i-Pr H Li Et (7 85 99:1 12
2-furyl Me C CH;=C(Me) H Li Et (7 30 10: 90 10
2-furyl Me C (CHz8iMez)sN H Li Et (M 43 95:5 10
2-fury] Me A (CHSiMe2);N H ZnCl  Et (6) 928M 8:92 27
2-furyl Me A {CH:SiMe2)2N H Li Et (7 95 97:3 27
2-furyl Me E PhO H SiMea Me (7) 58 56 : 44 13
2-thienyl Me D Me Me Li Et (7) 45 - 10
2-thienyl Me C Et H Li Et- (7)) 50 50:50 15
2-thienyl Me D Et H Li Et (7) 50 75:25 10
2-thieng] Me A (CHzSiMe2)2N  H ZnCl  Et (1) 87" 15: 85 77
2-thienyl Me A (CHySiMe2)sN  H Li Et (7) 99' 94:6 2
2-thienyl Me D (CHzSiMea):N  H Li Et (7 35 90 : 10 10
2-pyridyl Me A (CH;SiMe2)N  H ZnCl  Et (7) 82 1-99 27
2-pyridyl Me A (CHaSiMe2);N H Li Et (M 92 91:9 27

# Conditions (preparation of 7), reagents, solvent, temperature: A = RCHO, LiN(SiMea};, THF (ether}, -30 — -78°C; B = RL;i,
{Me381):NCHO, THF, -78°C; C = RCN, LiAl(OE03H, MesSiCl, ether, 0°C(imino aluminates and ester enolates also form
monocyelic S-lactams but with considerably lower yield in comparison with their n-trialkylsilyl analogs, see ref. 17); D = RCN,
LiAl(i-Bu)z{n-Bu)H, Me3SiC), toluene, hexane, 0°C; E = RCHO, LiN(SiMc3)z, Me3SiCl, hexane, 0°C; G = RCHQ, N(SnMe3)s,
THF, ether, room temperature; H = RNHSiMex-Bu, --BuQCl, DBU, THF, ether, 0°C.

Y trans-PhCH = CH is used in all experiments.

¢ N-CH3SiMe3 group is used in 4 instead of SiMe3 group,condensation of aldimine with substituted acetic acid is performed in the
presence of tricthylamine and phenyl dichlorophosphate.

¢ Addition of the hexamethylphosphoramide solution to the reaction mixture of 4 and 5 affects cis:trans ratio of azetidin-2-ones
(7) (see ref. 13). ) .

® N-SiPhzt-Bu group is used in 6 and 7. .

* Furfural N, N, O-tris(trimethylsilyl)amine acetal is used instead of N-trimethylsilyl-2- furfuraldimine. T

& The protecting trimethylsilyl group at 1 position is not removed even after aqueous workup.

" Zinc enclate activation of the ester ().

! Lithiun enolate activation of the ester (5).

k Ratio of isolated (35*, 4R*, ’'R*) and (3R*, 4§*, 1'R*)-3-(benzyloxycarbonylamino)-4-( 1'--butyldimethylsiloxy)ethylazetidin-2-
onges,
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Palomo et al. have developed a new method for the preparation of 3-trans-1’-dimethylphenylsilyl-4-meth-
oxycarbonyl and 3-(1°-tributylstannyl)-4-methoxycarbonyl substituted g-lactams (12) trapping organocop-

per enolates (10) obtained by the addition of silylcuprate or stannylcuprate reagents (9) to methyl crotonate

(8) by methyl glyoxalate imine (11). 8.2
MeO,C
X,CuCNLi X o H>'I=IN‘PMB
A CO,Me 9
o™ o~ ome .
Yuwn 10
AN _|:/002Me

—N..
o” “PMB

12
R Rr! X Yield of 12, | trans:cis

% ratio

H Me PhMe,Si 80 100: 0
H Ph PhMe;Si 77 85:15
H 4-MeCgHy PhMe,Si 80 100: 0
Me Me PhMe,Si 85 100: 0
H Me n-BusSn 65 60 - 40

Azetidin-2-ones could be prepared from 4 and § in two ways:
a) cyclocondensation and the formation of azetidin-2-ones (6);

b} generation of the intermediate S-amino esters (13) and their cyclization into 6 7

R3
R
R
- XOAIK -
, 0”7 "siMe,R’
R R oX 6
. + =< — 3
o "siMe, RY  OAIK ©
) 5 MeSh X
- XOAIK
R)%LOAIK
R% R3

13
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Colvin et al. proved the formation of f-amino esters as a cyclocondensation primary product using the
selective mono-desilylation of 13 in aqueous Na,HPO, and the following conversion of N-t-butyldimethyl-

silylamino ester (14) into g-lactam (15} by Grignard reagent in the overall yield of 60%. 13

. SiMe_Bu-{
Me ., Si._ .~ 2
Et0,C._ + Me__ OMe TN o
H SiMe,Bu-t Me OSiMe, Etozc/yj\onne
4 5 Me Me
13
4
SiMe Bu-t Me
/ 2 CO,Et
aq Na,HPO, HN" O MeMgBr Me"_l/ 2
EtO c%om N
2 Me Me 0 SiMe;Bu-t
14 15

[2+2] Cycloaddition mechanism between ketene and imine has been vividly demonstrated in the reaction

between trimethylsilyl ketene (16) and N-propylsulphonylimine (17) at room temperature with quantitative
formation of trans-3,4-disubstituted azetidin-2-one (18). 30

H
Me,Sin___|.~CCly
Me,SICH=C=0 + CI,CCH=NSOPr — = ©)

7N,
16 17 0 SO,Pr
18

Cyclization of g-amino esters into azetidin-2-ones by Grignard reagent or LDA stimulated interest to their
synthesis as intermediate products and accordingly elaboration of silyl methods for their preparation. For
example, 8-[N,N"-bis(trimethylsilyl)Jamino esters (20) were obtained in high yields (78-93%) by the treat-
ment of O-trimethylsilyl ketene acetals (5) with N,N-bis(trimethylsilyl)methoxymethylamine (19) in the

presence of trimethylsilyl triflate.

Me,sioTt  (MeSN - O ©)

A |:l10Me

20
a) R = R' = Me; b) R = Me, R = H; ¢} R = Ph, R' = H; d) R =R" = (CH,),, (CH,)s;
&) R = (CH,SiMe,),N, R' = H

n; OSiMe;
+
R OMe

5 19

(Me4Si),NCH,0Me
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Biomimetic approach developed by Miller 32 involving the intramolecular cyclization of g-hydroxyhydroxa-
mates (23) into f-lactams (24) stimulated interest to stereocontrolled synthesis of g-hydroxy esters (22) by
aldol addition of ketene silyl acetals or ester enolate (5) to aldehydes {21).

A R a3 OH O OH O
S + TS R S -— 7
H~ OoR2 ' H R3 R R3 NHOR? )
5 21 R R
s 22 23
R__ R
7—N,
o OR*
24
B-Hydroxy ester
1 2 R3 (22")5’ r? Ref
R R R neant | ¢
. vield, %
ratio
Me
Et O-ephedriny] $iMes A~—~0Bn  100:0° 70 Me 33
Me
H OEt SiMes  A~o—0Bn  66:34" 96 Me 34
Me
SiMes OFt SiMes  “~—OBn  99:1° 95 Me 34
Me
Et SBu- SiMesBut ~_-OBn  99:1° 80 Me 3
Me
H SBu-t SiMezBut ~~_~0OBn  50:50" 80 Me 35
Me
H OBu- SiMezBut ~~_—~0Bn  3;97" 45 Me 35
(CHz5iMez)sN OMe Li C=CSiMes 50 507 80 ~CO2~—§iMe3 16

# configuration at C-2, C-3
b configuration at C-3, C-4

2.2. Catalysis in the Synthesis of f-Amino and g-Hydroxy Esters and Their Conversion into Azetidin-2-ones

The Lewis acids are preferable catalysts for the reaction of ester enolates or ketene silyl acetals with
aldimines or aldehydes. They are usually used in the equimolar amount and help to improve both the yields
and stereoselectivity of azetidin-2-ones or intermediate f-amino esters and g-hydroxy esters due to their
ability to form chelated transition structures. The stereoselectivity of these reactions also depends on
configuration of aldimines and ketene acetals, the structure of substituents and the nature of cata-

tysts, 222733
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Information available does not allow to trace special role of organosilicon or organotin reagents and
catalysts on stereochemistry of the corresponding reactions. However, the high stereoselectivity achieved
in some reactions could be directly associated with the usage of above mentioned organometallic com-
pounds, for example:

(a) formation in high yields (82-99%) of the predominant frans-azetidin-2-ones (25) during condensation

of aldimine (4) with the enolate of 2,2,5,5-tetramethyl-1-aza-2,5-disilacyclopentane- 1-acetic acid ethyl ester

(5) in the presence of ZnCl, and cis-isomers (25) in the absence of a catalyst.2’>’
. H H
(CH,SiMe,),N; R
(CH,SiMe,),N OEt o’ A
+ e E— -
H M simte, H™ oL cis-28
4 5 . H
ZnCl (CH,SiMe,),N.:  1.R
R = 2-pyridyl, 2-thienyl, 2-furyl, 2
Ph, Me,SiC=C o” NH
trans-25

(b) prevalent anfi-diastereoselectivity for g-amino esters (28) in the reactions of imines (27) with tin(II)
carboxylic thioester enolates (26) catalyzed with stannous triflate which after cyclization provided trans-

configuration for the corresponding azetidin-2-one (29)_3"’3

NHBn
Me.  oOsnsBu-t , Ph._ - SN(OTN, S -
H SBu-¢ H “Bn 89% Ph - SBu-t
26 27 Me
HH anti-28 (9)
Me..__] * .Ph
0 N\Bn
29

(¢} high diasterecmeric purity for anfi-g-hydroxy ester (32) in the aidol process between ketene silyl acetal

(30) and g-benzyloxy aldehyde (30) under Lewis acids conditions necessary for trans-configuration of

substituents in the precursors of carbapenem antibiotic (33>




2320

OSiEt,

Et,Si0” "OMe O OBn
30
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Me
H TiCl,
75%

H

RJ |

OSiMe,Bu-t (10)
Me

IXx
......... —— OBn
0 N

“OMe

It was noted in Guanti’s paper that TMSOTYf differently from TiCly and Znl, influences the reaction in

really catalytic amount.*

In Palomo’s works it has been found that Reformatsky type reaction between ethyl bromoacetate and

Schiff’s base could be effectively catalyzed with zinc dust in combination with TMCS. #!

2.3. Other Methods of Azetidin-2-ones Synthesis with Organosilicon and Organotin Compounds

The reaction of CSI with alkene derivatives proved to be very popular in the preparation of monocyclic

fB-lactams for the purpose of their following transformation into biologically active substances. This method

was used by Colvin for the synthesis of mono- and disilyl derivatives of azetidin-2-one (35) from allylsilanes

(34).%

RTH
A 2
n>=/—5'MezR 1. CISO,NCO R\r—I/\SiMezﬁ‘-’ (11)
R 2. Na,S0, o —NH
34a, b 35a (B0%)

35b (50%)
a)R=R'=R%=Me; b)R=H,R'=S8iMe, R2=Ph

Addition of CSI to allenylsilanes (36) resulted in formation of 3-alkylidene-g-lactams (37) - potent

B-lactamase inhibitors,

Me
R R' 1.ciso,nco R R’
-2 R2
Me” C “R? 2.Na,SO. 0P —NH (12)
36 37

a) R =H, Me; R'=CH,SiMe;, R2=H 42
b) R = H, SiMe,; R' = SiMe,; R?=SCgH,Cl-4 4
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In the same manner 1,3-bis(trialkyisiloxy)but-1-ene (38) was used for the formation of O,0’-bis(trialkylsilyl)-
protected (3R*,4R* 5R*)-3-(1-hydroxyethyl)-4-hydroxyazetidin-2-one (39).44

0SiMe,Bu-t
/([)\S.-‘nMezBu-t 1.CISO,NCO  Me
Me” “CH=CHOSiMe,  2.LiAIH, (13)
38

Silicon-induced cyclization of variously substituted 3-phenylsulfinylpropionamides is new perspective ap-
proach to synthesis of monocyclic f-lactams. It was used for f-amido sulphoxides (40) conversion to azetidin-
2-ones (42) by the treatment with TMSOT! or 1-dimethyl-t-butylsiloxy-1-methoxyethylene (41) and
Znly P %

0

} OSiMe,Bu-¢ H
R.‘,H SPh :OMe Zni R. H SPh

41 ’ 2
l | ' (14)
0 NH“RZ (o] N\Rz
40 42
OSiMe,Bu-t .
R = H, Et, : R¢=H, Bn, PMB, SiMe, Bu-t
Me/'\ z

In the case of 2-substituted propionamides (40) this reaction gave the mixture of cis/trans f-lactams (42),
Unprotected amides (40, R =H) were converted by 41 into N-t-butyldimethylsilylazetidin-2-ones (42).
p-Lactam ring formation from appropriately functionalized enamides (43) a-brominated to carbonyl group

was realized by free radical reduction inthe presence of tributyltin hydride.47

Ph H H
R. _Br . R : CHPh
| %\Ph - ?\L:B?\lnH j;l/ 2 (15)
NR' NR!
o} R o
43 44

R = Me, Et; R' =Me, t-Bu, CgH,,

A new method for creation of 3-alkylidenazetidin-2-ones (47} was developed by rhodivm catalysed silylcar-

bonylation of propargylamine derivatives (45).48
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H
1 ] R1
i _ Rh,(CO),,, 0BU RMe;Si R2
HC=CCNHR? + RSiMe,H + CO (16)
R2 0;—Nn3
45 46 47

R=t-Bu, Ph; R'=RZ=H, Me; R'=CyH,,, R2 = H; R' and R? = (CH,)s;
R? =H, Ts, CO,Me

3. DERIVATIZATION OF AZETIDIN-2-ONES WITH ORGANOSILICON AND ORGANOTIN
COMPOUNDS

The known synthetic strategies for the transformation of monocyclic 8-lactams into carbapenems, penems,

oxapenems and other types of biologically active substances include special stages of stercocontrolled

‘introduction  of substituents in the azetidinone ring. In some cases this problem is solved during the

construction of S-lactam ring. But usually special methods have been developed for this purpose. Some of
them are based on the usage of organosilicon and organotin compounds for activation, protection and
masking of various functional groups.

3.1. Introduction of Substituents with the Formation of C-C Bond

Carbon-carbon bond formation at 4-position of azetidin-2-one could be efficiently realized by nucleophilic
substitution of acetoxy, phenyisuifinyl groups or chlorine with O-silyl enols or ketene O-silyl acetals.

In contrast to the alternative methods utilising the strong bases or acids and low temperature for this kind
of substitution resulting in the dramatic consequences for unstable 8-lactam ring the silyl ones are carried
out in the presence of mild Lewis catalyst at room temperature and characterized by good yields.

This type of stereochemical trans-functionalization at 4-position of 8-lactam is demonstrated by the substitu-
tion of acetoxy or phenylsulfinyl group in 48 with ketene silyl acetal (49). Other examples of azetidin-2-ones

alkylation are presented in the Table 2.

0SiMe Bu-t OSiMe,Bu-t
H H R H H
H Me,SiOTf ’
Me —|/1 . OBn 3 Me 1002Bn )
Og—NR OSiMe, o NR
48a, b 49 50a (91%)

50b (75%)
a) R = OAc; R!=SiMe, ¥
b) R = SOPh; R'=PMB %
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Table 2. Alkylation of Azetidin-2-ones by O-Silyl(Stannyl) Enolates and Silyl Ketene Acetals.

X
R R? 0z Me,SI0Tf (Znl,) R Y
I!!I/ L : 2 N O
0 “R! 0 R'
48 5 52
R R R? X Y Z | Yield, 9iConfig. at 3 and 4 Ref.
positions of §2
H H AcO H Ph SiMe3 89 50
H H AcC H 4-CICsHy SiMe3 81 50
H H AcO H 4-MeCgsHa SiMea 75 50
H H AcO Me Ph SiMes 71 50
H H AcO H SPh SiMe3 76 50
H H AcO Me OCHzPh SiMes 58 50
H H AcO Me OEt SiMes3 a5 50
SiMes?
H SiMes AcO H —/ SiMe3 56 50
N\
OMe b
SiMe3
H SiMes AcO H = SiMe3 30 50
M\
OMe
H H AcO COMe OMe SiMes 53 51
0]
H H AcO H j-Hj\ QCH,Ph SiMes 53 51
N2
SiMes®
/g)\SiM e2Bu-t H AcO(Cl) Me —\ SiMe3 75 38,4R 52
Me OMe
OH 0]
A .
Me H AcO H OCH:zPh SiMes 81 38,4R 53
Nz
H SiMezBu-t PhSO) H OMe SiMeBu-t 86 54
Et SiMeczBu-t PhSO H OMe SiMeaBu-t a5 3R, 4R 54
[9]
Et SiMezBu-t PhSO H ‘H\ OCHzPh  SiMe;Bu-t 43 ‘3R,4R 54
N2
O
OSiMeBu-t H AcO Me \r(u\ 0 SnBr 75¢ 38, 4R 35
Me—"~ N2
PhCH>CONH H AcO Me OMe SiMes3 819 35,48 ki)
PhCH>CONH H AcO Me OFEt SiMe3 71¢ 38,48 56
PhCH2CONH H AcO Me OBu-t SiMes 454 35,48 56
PhCH2CONH H AcO Me OCH:Ph SiMes 744 35,48 56
OSiMe;Bu-t
Me H AcO Me CH=CH2 SiMeaBu-t 50° 35,4R 57
OSiMezBu-¢
Me H AcO  Me CH=CH'  SiMesBut 24° 38, 4R 57
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Notes to Table 2.
a CH2COCH2C0Me structure of substituent at 4 position of 52
® CH(COMe)CO:zMe structure of substituent at 4 position of 52
© preferable catalyst - AgBFa+ Iz
d preferable catalyst - Zn{QAc)2
¢ preferable catalyst - ZnCla

OSiMe,Bu-t

L H Me
- OSiMe,Bu-t

f
structure 52 o N _~

The treatment of 4-acetoxyazetidin-2-ones (48) with

HETEROCYCLES, Vol. 38, No. 10, 1994

TMSOTY generated iminium intermediate (53)which

was attacked in the 4-position by trimethylsilyl or tributylstannyl activated carbon chains (54, 56, 58) with

the formation of C-C bond. Reaction occurred exclus
3,4-disubstituted trans-azetidin-2-ones (55, 57, 59).

R2
Me,si” >
54 O

R.____OAc
#—NR!
0" 4
IMeSSiOTf
R Me,Si” Y~ OBn
| 56
1
o
53
R3(SnBu-n),
58

ively at the sterically less hindered face of 53 affording

H
R.. H SR2
NR1 0 .
OSiMe,Bu-t
0 55 2
R= Me
R! = SiMe,
RZ = Ph, etc.5®
H H
R OBn
1 18
o NR (18)
57 (79%)
R = Pht
R = SiMe,5¢
n.._H H R2
OJ:N“1 OSiMe,Bu-t
59 R = Me
R'=H NMe
R? = CH,CH=CH,, C=CH

R3 = CH=C=CHMe,
CH,CH=CH,50. 61
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Original intramolecular stereoselective alkylation of 4-acetoxy-1-[dimethyl(2-butenyl)silylJazetidin-2-one

(60) in the presence of TMSOTS with the formation of (4R)-4-[(1S)-1-methylallyl]azetidin-2-one (62} could

be attributed to the same mechanism.5?
0SiMe,Bu-t 0SiMe,Bu-t
H Hoac H H HMe
Me” N —” Me;SIOT! I ME/j\ Me _'/k/ "
Me N
—N NN »—NH
0" s 0" +>si 0
Me  “Me Me  "Me
60 : 61 62 (84%)

Application of organotin reagents for introduction of carbon chains into mono- and bicyclic S-lactams is
based on two main methodological approaches. One of them is radical allylation of (4-phenylselene-
nyl)azetidin-2-ones (63) or 6,6-dibromopenicilianate (65) by allyltributyltin (58) in the presence of
AIBN.5364

rRY Ysepn Br H o
Br——f Me
;Emsn\ne3 N Me
° © ‘coom
e
(63 n-BuSn 7 6: (20)
i@ 5 (b)
1
Hg J H
R.; Br
NSiMe4 N Me
o 0 1]
COOMe
64 (61%) cis:trans = 1.2 66 (54%)

Predominant ¢rans-configuration of allyl group towards the second substituent in the -lactam ring is caused
by sterical difficulties for bulk organotin reagent during its approach to molecule’s active center. Modifica-
tion of this methodology aimed at structnral variation of substituents could be reached by usage of
alkene and tributyltin hydride combination. This synthetic protocol is realized in radical substitution of
bromine at 6-position of penicillanate (69) by vinyls (68)65 and in the formation of carbacephams (72a) and

(72b) by intramolecular cyclization of 71.56
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2326
H H
y Br.l .- Me
7Y, J—N Me Y
o 4 JH H
68 69 COBn LS me
/—N-/ Me  Y=CN, CO,Me, OAc
) CO,Bn
n Bl;:;SnH | Et..,H H SPh 70
— @1)
AIBN N
Y
o W7 g i H
71 CO,Me Jjo
+
N
o o)
CO,Me CO,Me

72a (31%)

72b (18%)

Another methodology of carbon-carbon bond formation is based on Pd(0) catalysed reaction between vinyl

triflates and organostannanes, primarily described by Stille and Scott. 67 Farina and others from

Bristol-Myers Squibb68 adopted this reaction for derivatization at 3-position of cephalosporin. On the base

of thorough investigation they developéd very mild and effective conditions for triflate/chloride exchange

in 74 and 76 by various saturated and unsaturated alkyl radicals from corresponding alkyltributylstannanes

(73).9869

H o

S

o
CO,R!

PhCH,CONH

74

Pd,(dba),

- BusSnR P{Q] 3

73

PhCH,CONH s
(Br)

o o

.5 CO,CHPh,

R 75
CO,R!

R=CH = CH,,
CH=OMez, efc.;
R' = Bn, PMB

(22)

R 77
CO,CHPh,
R = CH = CH,, CH = CMe,, atc.
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4-Tributylstannylazetidin-2-one (73a) was also successfully acylated with acyl chlorides (78) using palladium

catalysed Stille coupling reaction,”

0
Sn{Bu-n),
D Pd
+ RCOCI __(m.‘l_._ J:‘)‘\R (23)
NH NH
0
79

o
T3a 78

3.2. Introduction of Heteroatom Substituents

4-Phenylsulfinyl group in 3-(1-t-butyldimethylsiloxy)ethylazetidin-2-one (48) was successfully substituted
with silylated N-, §-, O-, and P-nucleophiles in the presence of Lewis acids giving the corresponding
4-trans-heterofunction-substituted B-lactams (81).71 This reaction oceurs via acyliminium intermediate
under nearly neutral conditions and provides high vields of various potentially biologically active
4-substituted azetidin-2-ones.

0SiMe Bu-t OSiMe,Bu-t
H Hsopn Y-SiMegZol, o Y-

" T = j:‘ — (24)
NH NH
0 o7 .
48
Y-SiMe, y! Yield, %"
N,-Site, N, 87
Me,SiN=COSiMe, NHCOMe 67
Me
Me,;SiSMe SMe o8
Me,SISCOGH,CO,Me SCOCH,CO,Me 73
Me;SiOCOMe OCOMe 52
Me,Si0COCH,CO,Ms OCOCH,CO,Me 66
OSiMe, _
s M >—NH
N~ ~0SiMe, 0
SMe SMe
N~ N
W ¢y 57
NN NN
SiMe,
Me,SiOP(OEt), PO(OE), 77

" ather examples cited n rel. 71
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Silyl- and tin-functionalised B-lactams were prepared by nucleophilic acetoxy substitution in 82 by silylcu-

prate and tincuprate.m

HH_ Me.,SiCl, 1 HH.,
R.I_LSiMe, T 30 " R A" n-BugsnLi, cubr,Me,s B s“(B”'”)?%)
NH ]/:NH J;NH

o ) 0
83 82 84
OSiMe,Bu-t OSiMe,Bu-t
R=H@5%); I 27 (68%) R=H@0%; I 27 (30%)
Me Me

Deprotonation of 3-unsubstituted azetidin-2-one (85) with LDA and following treatment of intermedi-

ate carbanion with TMCS led to formation of racemic 3-trimethylsilylazetidin-2-one (86).72

Me I\!Ie
Me,sil _R R Me,SiCI pnk—pn H H
3 Me,SiCl, LDA J:( T & Mo 1R g
N N, N
0" 'siMe,Bu-t 0" sime,Bu-t 07 "siMe,Bu-t
86 ] 85 86a
R=H, Et R = SPh

The usage of homochiral lithinm amide base (87) for the enantioselective deprotonation of racemic
B-lactam (85) gave (3R,48)-azetidin-2-one (86a) in up to 72% enantiomeric excess.”

In Miller’s investigation it was found that 1-tosyloxy-substituted azetidin~ 2-ones (88) provided new variant
of diastereoselective nucleophilic addition of heteroatoms at 3-position with halogenated trimethylsilanes
and trimethylsilylazide in the presence of triethylamine.74 This reaction presumed base-initiated enoliza-

tion of 88 to 89 followed by SN2’ displacement of tosylate,

- H H
Y. i
R Me,siv, Et,N A LR
N | N NH @7)
0" ors HO™ loTs o
88 89 90

R = Me, (CH,),CO,(CH,),SiMey; ¥ = Cl, Br, I, N,
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It is known that certain 6a(7a)-formamidopenicillins and cephalosporins are f-lactamase stable and highly
active antibacterial agents, Modification of amino group in 91 with trichloroethoxycarbonyl and trifluo-

romethylsulphonyl functions facilitated direct incorporation of formamido substituent after treatment of

91 with N, N-bis(trimethylsilyl Yformamide and triethyiarm'rle.F"5
(A o NHCHO
CLCCH,0CON. s, >~ N(SMeg, BN - ciconoconk.’ Hs

[ h . [ A @
N__/ N __~

o o
91 92

A= S<he (84%), \;LCHZOAC (55%)
Co0Bn COOBu-t

3.3. Conversion of Azetidin-2-ones into a-Amino Acids or Amino Sugars

The development of the new strategies of azetidin-2-one synthesis and stereacontrolled functionaliza-
tion is stimulated not only by the possibility of their conversion to S-lactam antibiotics but by the opening
of azetidin-2-one cycle also to potentially biologically active products such as a-hydroxy-#-amino acids,
amino sugars and other substances.”®
Application of above mentioned organosilicon and organotin compounds in reactions of stereocontrolled
synthesis of monocyclyc -lactams, protection, masking and transformation of their substituents and even in
the splitting of A-lactam ring helped to develop multistep protocols for the preparation of the derivatives of

a®", aminosugars (Daunosamine, Acosamine)m and a-hydroxy-f-amino acids

77,78

B-hydroxyalkylaspartic aci

(fragments of Taxol and Bestatine).

4. ORGANOSILICON AND ORGANOTIN REAGENTS IN THE PROTECTION, MASKING AND
TRANSFORMATION OF SUBSTITUENTS OF f-LACTAMS

The vast usage of trialkylsilyl protecting groups in the chemical transformations of f-lactam antibiotics
and their derivatives could be explained by following reasons:

a) mild conditions and high or quantitative yields in silylation and desilylation processes;

b) stability of silyl protecting groups in reacticns aimed at formation of C-C, C-S, C-N, C-O, C-Hal, C-H
bonds;

¢) possibility of selective silyl protection and deprotection of two or more functional groups in one mole-
cule.”®

In many papers separation of reaction mixtures and positive solution of stereochemical problems are

directly connected with bulky hydrophobic trialkylsilyl groups. That is why the trimethylsilyl and £-butyldi-
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methylsilyl protection is employed in the majority reactions with participation of mono- and bicyclic
B-lactams.

Attachment of trimethylsilyl or dimethylphenylsilyl groups to carbon chain creates synthetic possibilities of
their substitution for hydrogen, hydroxyl or alkenyl group. This methodology allows to solve structural
problems of B-lactams creation and modification in the presence of bulky and relatively inert silyl substi-
tuents in chemical conditions unfavorable for above mentioned masked functions.2®®

For exampie, introduction of trimethyisilyl group in ketene silyl acetal (93) followed by its elimination from
intermediate (94) with hydrogen in methanol solution of KF provided stereoselective formation of anti-g-

hydroxy ester (95) and its cylization in the precursor of Carbapenem (96) with R:configuration of substituent

at 4-C atom.>*
MeySi___OSiMe; H\n)\ TiCl, MeaS';_")\é
OEt O OBn o OEtOH Bn
9 3 " 94 29
H Me H e
KF, ag MeOH ’(—V& _________ o ;{H
OH OBn N. OBn
0™ okt 0" “omMe
95 9%
The same transformations in the similar conditions were realized with azetidin-2-ones (35b, 98) and (160)
containing silyl masking group at 3- or 4-p051'ti0r1.42‘43’79
R SiMe,Ph ] \(\/ 2 ME—K—FR
Me Me (30)
o” NH o N OBn ~—NH
SiMe,Bu- 0
35b R =SiMe, KE 98 R = SiMe, n-Bu,NF 100 R = SiMe, n-Bu,NF
97 R=H~jMeCN 99 R=H«jTHF 101 F1=H«—:l AcOH
100% 72% 95%

Analogous structural problem was solved by stereoselective aldol reaction of silylated ketone (103} to
3-unsubstituted azetidin-2-one (102) and following rearrangement of (15*)-1--butyldimethylsilyl-1-hydrox-
yethyl group in 104 into (1R*)-1-(s-butyldimethylsiloxy)ethyl group.so
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SiMe,Bu-{ OSiMe,Bu-t
R MeCOQSiMe,Bu-t H B R
Er 103 Me” OH t-BuoK_ Me 31)
NR! LDA NR1 t-BuOH
o o
102 104

R = SCPh, (79%), COOH (77%), R'! = SiMe,Bu-t

The two-step sequence of the oxidative splitting of C-Si bond in the azetidin-2-one (12) after its stereocon-
trolled synthesis provided stereospecific generation of (1S*)-1-hydroxyethyl group at the 3-position of
B-lactam (107) in 819 overall yield.29

SiMe,Ph SiMe,F OH
H Heco me - Heo me HH oo me
Me/\_i/ 2 Me : 2 Me/\——l/ 2
! HBF, - Et,0 ! MeCO,H (32)
o” ““pPMB ) “PMB 0 NemB
12 106 197

Anodic oxidation in the presence of alcohols also allowed to substitute the trimethylsilyl group at 4-position
of azetidin-2-one (83} by hydroxyl or alko:nzyls.g1
SiMe, OR

+ ROH ——

o
83 108 109 (33)

R = H, s-Bu, (CH,),CH=CH,, Bn, CH,CH=CH,
N-Vinyl derivatives of azetidin-2-ones (112) were obtained in high yields by means of a fluoride-induced

catalytic Petersen alkenation of N-bis(trimethylsilylymethyl-g-lactams (110).18

ptd B L pn  RZCHO, Bu,N‘*F g1
111

(34)

"CH(SiMe;), o

110
R = H, Me; R! = MeO, PhO; RZ = Me, 4-CiCgH,
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3-Alkylideneazetidin-2-ones {115) were generated from o-trimethylsilyl g-lactams (113) by treatment with
aldehydes (114) and LDA. ">

Me.Si R! R2CHO, LDA Rl
3 \I:l/ 114 RZ./\_[/
#—N, N (35)
O R 0/ \R
113 115

R=H, Ph; R'=H, Ph; R2 =Me, Et, Ph, etc.

Widely used functionalization and derivatization of mono- and bicyelic g-lactams with organosilicon and

organotin reagents were enlarged during the last decade by many new reactions.

Some of them based on the reductive properties of trialkyltin hydride in the presence of AIBN were utilized

for the following transformations:

Dehalogenation

HoH oY 0SIMe,Bu-t y OSiMe Bu-t
CI’I(/ \ﬁ)Ts n-BuySnH O%T
NH AIBN LT § 36a
o o” —NH (36a)
116 117 (87%)83
Hal H ﬁ)/ n- Bu,SnH
Hal--~ AIBN
0’J \)< (PhMe,CCH.,).S m (6b)
c
135 COR b) AIBN 136 COR
a) Hal = Br, R = Bn (73%)%%; b) Hal = Br, I; R = CH,0COBu-34
Br H H H
HOMe,C-. L -8 Me Ph.SnH HOMGZC -8 Me
2 [ " _hgonn I (36¢)
0 N / e o g Me
CO,Me CO,Me
120

121 (99%)
cis:trans =9: 185
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Decyanation
H H OBn
n-Bu;SnH 47
AIBN y LOTe ©7)
(8] Sas 0 N
SiMe,Bu-t SiMe,Bu-!
122 123 (77%)
DesulEhurizationgﬁ’m’SS
H
“\E—rs Me Ph,SnH R
p AIBN J:,L CHMe (38a)
0 07 T ACHMe,
°°2M° co,Me
124 125
R = PhOGH,CONH
H H
S n- Bu,SnH S
SPh AIBN N/ (380)
0 N SPh o
Co,Me co,Me
126 127 (78%)
SPh o ¢ £ 5
Et n-BuySnH u-s
N AIBN N, (38c)
128 129 (95%)
cis:trans =1:7
Conversion of thiocarbonyl group into sulphide group89
Me s Me  ssn(n-Bu), Me s me
Me——f  n-BugSnH Me—— n-BuLi, AcCl Me——" Y
N AIBN —N_ ~N_°
PMB o PMB o PMB
130 131 132

(39)
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Reaction of 2-f-bromomethylpenam (133) or 2-phenylselenylmethylceph-3-em (137) with tributyltin hy-

dride generated intermediate radicals (134) and (138) and the following cyclization gave the corresponding

cepham (136) and carbaceph-3-em (139) s;ystems.gﬂ’91

H H CH,Br HH HH.
Ry 's"Me PhsnH | RN S - _ RS \S/ll_
[ ] l BN \ e T —  (40a)
N AIBN N i} Me
o “CO,Me o co,Me 07
133 134 135 CO2Me
R H H S
g I@“ R = PhOCH,CONH
o] ; Me
co,Me
136
HH g2
¢ 8 _CH,SePh
RI‘/ 2 n-Bu,SnH
AIBN
o N Me
CO,R!
137 138 139

R = PhOCH,CONH; R' = CH,CH=CH,

Catalytic hydrosilylation of 4-acetoxyazetidin-2-ones (140) and 3-acetylazetidin-2-one (142) resulted in
reductive deacetoxylatior192 and highly stereoselective (1R *)- 1-hydroxyethyl group formation at the 3-posi-
tion of g-lactam (143).%>

HH
R H OAC (MezslH)zo R
:I; Me . SIOTf ],:' (41a)
o N"Fﬂ 3 o N.\Fl1
140 141

R = Pht, PhO, MeO; R! = CH,CO,Me, PMB

O Me OH Me
H . H
Me <~ "OBn Et,SiH Me “OBn
NR BF3- Et,0 NR (41b)
O 0

142 143 (64%)
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The nucleophilic properties of the iodotrimethylsilane were utilized in the substitution of acetoxy group in

144 and formation of 3-iodomethylcephalosporins (145) used as intermediates in the preparation of C-3

heterocycle-substituted ceph-3-ems.94’95
H H H H
: ot 8§ o
RNH_ Me il RNH.; : 8
o¢[N _~—CH,0Ac O;EN _~—CH,l (42)
CO,R! CO,R'
144 145

R = Me,Si, BnCO; R' = SiMe,, Bn

The iodotrimethylsilane also proved to be an efficient selective reagent for sulphoxide group reduction in

146 even in the presence of the acetoxy group sensitive to nucleophilic substitution (eq. 42).96

1
H
|3nc0NH\'?| i S Me.Sil BnCONH\H H s
L -
o7 N~ —CH,R 6581% o7 N\~ CHR (43)
CO.R! CO,R!
146 147

R = H, OAc; R!=Me, CH,CCl;, 4-NO,CH,

Gentle dry CO; introduction into the solution of N-trimethylsilyl-substituted g-lactams (148) led to the
formation of N-trimethylsilyl carbamate protecting group in 149°7 Analogous N-Si bond cleavage by

sulphur trioxide-pyridine complex allowed to convert 150 to the corresponding monobactam (151).98

H H
MESSiNH - S\ co, Me3SiO(I.'I:NH H HS\
A o [l & (44a)
[
o N o N__/
Me 4
148 A=< \;\ 149
: : CH,0AC
COOSMes  Coosime,
BnCONH BNCONH

Py - SO, D
I : ! . (44b)
NSiMe,Bu-t NSO,SiMe,Bu-{

150 i51

0 0
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Trimethylsilyl isocyanate heiped to transform hydroxyl at the 3-position of cephalosporin (152) into carba-

moyl group.g9
HH H H
I RCONH.: :.S
RCONH. - S Me,SiNCO T
o N.__»—CH,OH OIN 7 CHZOCHPNH2 (45)
o
COOH COOH
152 R= @\ 153
§° CH,

Tetraisocyanato- and tetraisothiocyanatosilanes (155) proved to be the mild and effective carbamoylation
reagents of amino acids (154), 6-ureido or 6-thioureido penicillanic acids (156) and 6(«)-hydroxypenicillanic
acid (158), 104101

H H Si(NCX), H H

H NG ¢ S\A 155 HZN)I((.?NH P s\A o
a
J:N
o — OJ:N\"/
154 156
* Me . _
oo ot X i neos

COOSMe; COOSMe,
* upan hydrolysis SiMe, group in 156 replaced by proton

2NCNH H2NCNHCNH

I(j _ 155 I(j (46b)

‘COOH ‘COOH
a)x=x'=o; B)X=0,X=8; c)X=X=8
H H
H,NCO.] .S, _Me
Me 15 )Ié [ I Me (46c)
#—N

“"COOH (o] “"COOH
158 159

Specially synthesized silylated carbodiimide (161) helped to develop a new mild approach to aminoimidazole

derivative of cephalosporin (162).102
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T ( St
Et0 .

o Nj’/J*CHzoAc + Eto>/\r~|—0—wsmne3 —

CO,SiMe,

160

I(’)‘CH OAc

COOH

(47)
161 162 (60%)

5. APPLICATION OF ORGANOMETALLIC REAGENTS IN THE TECHNOLOGY OF g-LACTAM
ANTIBIOTICS

The relatively easy adaptation to the large scale production is one of the benefits of organometallic
methods. They are used in the following important modifications of -lactams:

a} deacylation of the side chain in penicillin and cephalosporin;

b) acylation of amino group in g-lactams;

¢) transformation of penicilline 1-oxide into deacetoxycephalosporin, ete,103-105
Silyl methods help to solve certain technological problems. For example, alcoholysis of ampicillin tri-
methylsilyl ester in non aqueous solventis proposed for the preparation of anhydrous anti-
biotic. N,O-bis{trimethylsilyl)acetamide and N,N-bis(trimethylsilyl)urea act not only as effective silylating
agents but also as acceptors of HCl in acylation of g-lactams by acid chlorides.'”

It seems to us that majority of such kind of data are not published because they belong to confidential "know

how" information,

6. BIOLOGICALLY ACTIVE B-LACTAMS CONTAINING GROUP IVB ELEMENTS

Antibacterial activity of semi synthetic penicillins and cephalosporins containing triaikylsilyl group in the
aliphatic side chain is restricted by gram positive microorganisms. Maximal activity was achieved in the case
of introduction in antibiotics g-silyl propionyl and y-silyl butyryl radicals. Structure-activity analysis for
semisynthetic penicillins and cephalosporins containig in their side chain unsubstituted and trimethyl-
silyl substituted furan and quinoline heterocycles had not demonstrated any biological advantage for this
type of modification.1%
Homologous series of silicon-containing antibiotics were successfully used in the development of auto-
mated TOPLOG system for the quantitative estimation of structure-activity relationships for semi-

synthetic penicillins.'®’
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Some silyl derivatives of penicillin (163) demonstrated good antiinflammatory properties iz vive in the
treatment of oedema induced by carragenine. 108
CH,C¢H,0H-4
Ph,Me,, SI(CH2)300NHCHCONHCHCONH; S Me

163 COOH
ayx=1,y=2
byx=2y=1

7. CONCLUSIONS

It could be easily noticed that the development of organometailic methodology for the needs of
B-lactam chemistry and the creation of new effective drugs representing the same class of antibiotics are
connected. The structural variety of highly biologically active penicillins, cephalosporins, carbape-
nems, monobactams etc. stimulates the development of new approaches for the solution of arising
chemical problems. The utilization of organosilicon and organotin compounds for these purposes is in
many cases more effective in comparison with alternative methods. Due to this relationship synthesis and

biological investigation of p-lactam antibiotics remains the most dynamic and promising field of

medicinal chemistry during the last three decades.
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