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Abstract: The first synthesis of B-lactams bound to a soluble/insoluble polyethylene glycol mono-
meLhylethcr polymeric matrix has been realized by standard reactions carried out on immobilized

R.1 ngo he
imines. B-Lactams removal from the polymer has been accomplished under acidic and basic conditions.

© 1998 Elsevier Science Ltd. All rights reserved.

The advent of combinatorial chemistry ! has led to a revival of the use of polymeric matrixes as supports for
the construction of small organic molecules.? In this context, polyethylene glycol monomethylether of molecular
weight 5000 (MeOPEG) recently emerged among soluble polymers as a very convenient support. 3 This

inexpensive polymer 4 features the relevant peculiarity of being soluble in many organic solvents and insoluble in
a few others, such as hexane, dicthylether, and t-butylmethylether. Thus, one can carry out a reaction on a

MeOPEG immobilized compound in homogeneous conditions (e.g. in dichloromethane)

[

nd avoid the need for
large excess of reagents and iterative procedures typical of solid phase synthesis.2 After the reaction, the
products can be easily purified by simply precipitating the polymer with diethylether and removing the unreacted
materials by filtration.

In a seminal series of papers Janda and co-workers 32 showed that MeOPEG can be used for the supported
synthesis of pentapeptides, 52 sulfonamides,3* and azatides.>® They also described MeOPEG bound linkers that
allow “traceless” removal of the polymer and of the spacer from the products.5®:6 In addition, Janda 7 and Bolm 8
anchored chiral ligands for asymmetric dihydroxylation reaction on MeOPEG.?

We wish to report here the synthesis of imines immobilized 10 on MeOPEG and their transformation into B-
Tomtamaa o tos AL s e T 1] THS man il Al N Tantanag Famirr tha mAalumnar hao alens haan ranliza
1aCtams DYy twO anICrent procCaurcs.”* 10 1¢oval O1 the B p-iaciaims 1rom inée poiymer nas also been realized
under acidic and basic conditions.

The synthesis of the imines is described in the Scheme. Mono MeOPEG succinate 1812 was condensed
with N-(4-hydroxyphenyl)-O-benzylcarbamate 13 (1.5 mol equiv) in the presence of dicyclohexylcarbodiimide
(DCC, 2.0 mol equiv) and 4-dimethylaminopyridine (DMAP, 0.1 mol equiv) to afford diester 2 in 96% yield.12
From this, the free amine 3 was obtained by hydrogenation (10% Pd/C, 20 mg of catalyst/g of polymer, Hj 1
atm, MeOH, 23°C, 48h) in 94% yield.12
vere prepared by adding the aldehyde (2.0 mol equiv) to the melted amine 3

i d

1

(90°C) followed by stirring the thick oily mixture for 1h, and removing the unreacted aldehyde and the release
water under vacuum, By this procedure imine 4 was obtained in 2 90% yield as a pure product, while imines 5
0% t - mine. 114,15

and 6 were obtained in 70% yield, along with 3
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4, R="Ph; 5 R=2thienyl; 6, R = E - CH=CHPh; 9, R=H; 13, R=Ph;
7. R=c-CgHiy; 8, R = COOCH,CH=CHo 10, R= OSiMe,Bu-t 14, R = PhCH,
R R! 11, R=Et R' = Ph, R? = CO(CH,),COOPEGOMe;
\_f 12, R =(R)-MeCH(OSiMe,Bu-f), R'=Ph, R2 = CO(CH,),COOPEGOMe;
04———1\1 15, R=PhO, R' = Ph, R? = CO(CH2)2COOPEGOMe;
ﬁ 16, R=PhCH,0, R'= Ph, R? = CO(CH,),COOPEGOMe;
N NpR2 17, R=PhO, R = 2thienyl, RZ = CO(CH,)2COOPEGOMe;
18, R=Et,R'=Ph, RZ=H;19, R =(R)-MeCH(OH), R'=Ph, RZ = H;
20, R=PhO, R'= Ph, R2=H; 21, R=PhCH,O, R'= Ph, R?=H;
22, R =PhO, R'=2-thienyl, RZ=H;
23, R ={R)-MeCH(OSiMe,Bu-1), R' = Ph, R? = Me

S2lu wWig

Among the variety of applications of imines in synthesis, B-lactam formation was selected to test the
reactivity of the immobilized reagent.!1 Since imines can be involved in two main types of B-lactam synthesis (the
condensation with an enolate 162 and the cycloaddition with a ketene 16b), both processes were attempted
(Scheme). Imine 4 was reacted (CH2Clp, 15h, 23°C) with the titanium enolate of 2-pyridylthioesters 9 and 10
(2.0 mol equiv) 17 to afford B-lactams 11 and 12. Alternatively, the cycloadditions (CH2Clp, 15h, 23°C) of

e 4 with ketenes 13 and 14 {aen ated in sity

,_.

equiv cach), gave B-lactams 15 and 16. In the same conditions, compound 17 was obtained from ketene 13

Twy T2

While ‘H NMR analysis allowed a satisfactory determination of the stereoisomeric composition of the
products bound to the polymer,18 the yield of the B-lactam formation was better determined by azetidinone
removal from the MeOPEG matrix, a reaction that served to establish a possible synthetic application of this
supported B-lactam synthesis. The removal was obtained by two equally efficient procedures occurring in
different conditions. Thus, by acid catalyzed methanolysis (MeOH, cat. conc. H2SQOy4, 60°C, 4h)!9 of the
polymer-bound compounds 11,12,15,16, and 17, B-lactams 18 (54% overall yield from the amine; trans:cis
ratio = 85:15), 19 (30%; = 98:2),20 20 (52%; 85:15), 21 (30%; 75:25), and 22 (35%; 92:8) were obtai
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~(Cls in the nresence of catalvtic diazabicveloundecene (23°C. 15h),19:21
CHCh 1n the presence of catalytic diazabicycloundecene (23°C, 15h),
In rancrliiginn the firct cunthacic nf iminac and R_lacrtamce an a enhithla nalumerise marmiy hac hean realizad
A3 VULIVIUD UL, LIV 111 0L ‘y BILIIVOL1D VL ALV O dllu P 1Aavialiig Vil a4 SUILUULG PU‘ Hiviiv 1HIAau 1A 11as Uvvll 1vailiovug,
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The variation of the chemical shift of the aromatic protons of the linker together with the disappearance
AL b ATTT. vwnl noa d thha Asvivansennana ha MAITLN] Ana t37ava :J otin AfF imina farmmatinn Tha ciogrnale 1T
of tne N7 signai anda t the € appearance of the CH=N one were diagnostic of imine formation. The signals (H

ortho, H meta, NHy or CH=N, ppm) of compound 3-8 were at: 3: 6.60, 6.80, 2.60; 4: 6.70, 6.87, 8.43;
5.7.17,7.06, 8.50; 6: 7 7.10, 8.27; 7: 7.00, 7.00, 8.07; 8: 7.13, 7.33, 7.93, Imines 4-6 were single
isomers, likely of E conﬁgurauon. In the case of compounds 7 and 8 two isomers were detected in a ca.
66:34 ratio. The minor isomers of 7 and 8 showed the CH=N signal at 7.80 and 7.60 ppm, respectively.
Thermally unstable imines such as 7 and 8 could also be prepared by stirring a solution of amine 3 (1 g

of 3 in 1 mL of CH2Cly) and of the aldehyde (2.0 mol equiv) in the presence of anhydrous MgSO,4 (0.1
mol equiv) under a Ny atmosphere (23°C, 15h). After filtration and evaporation of the solvent, imines 7

and 8 were obtained in 40 and 30% yield, respectively, along with unreacted amine 3 and, surprisingly,

monoester 1 (see Ref. 12 and 14). Imines 4-6 can also be obtained by this procedure, but in slightly
Vncsrne srmialAc itk cacrmort tm th oo rarnnrterd 103 tha tas
1I0Wer yieldas witn respect to tnose reported in tne text
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NMR analysis showed the following trans.cis ratios for compounds 11, 12, 15, 16, and 17.

11: 80:20; 12: 298:2; 15: 90:10; 16: 78:22; 17: 92:8. The configurational assignment was based on the

rans 1.5-2.5 Hz; J ;5 5.0-6.0 Hz. In the case of compound 12 a single -
. hat i .

products by precipitation in diethylether can alter the original diastercoisomeric ratio.

Separate experiments showed that the unbound fB-lactams were stable in the conditions employed for

removal. The difference in the trans:cis ratios observed for the B-lactams attached to and removed from

the polymer can be due to partial removal. All new compounds gave analytical and spectral data in

agreement with the proposed structures.

The configuration of compound 19 (and hence that of 12) was established as (3'R,35,4S) by chemical

correlation, involving methylation of the phenolic oxygen (Mel, K2CQ3, acetone, 50°C, 4h) and

sﬂylauon @ BuM62$1Cl imidazole, DMF, 23°C, 15h) of the secondary alcohol of 19 to give the known
2 Cozzi, P.G. J. Oro. Chem. 1992 57,  4155.
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removal of the polymer and of the linker, the reaction proceeded only to the ester hydrolysis stage,
affording B-lactams 18 in 45% yield. N-deprotection required further reaction with CAN (67% yield), as
described by: Georg, G.1; Kant, J.; Gill, H.S. J. Am. Chem. Soc. 1987, 109, 1129.



