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Combinatorial synthesis of small organic molecules using R R / © ;\
solid-phase approaches has evolved in the past few years to N ii) CHoN, o0
become the most powerful tool for the rapid development Y 1 5 d
of novel lead compounds and for the optimization of 0~ "OMe

therapeutic efficacy.Undoubtedly, there is a growing need 6

to expand the scope of solid-phase organic synthesis.
The p-lactam skeleton is the structural element of the

widel nicillin hal rins, thienamycins, an ) " .
dely used PENICIingS, cepha‘osponns, tienamycins, a d To test the reaction, cycloaddition between resin-bound
other monocycligs-lactam antibioticg, such as monobac-

e 2 A .
tams. The constant need for new antibiotics to combat the aldimine 2a (R* = 4-MeOPh) and phenoxylacetic aclia

1 — ;
rapid emergence of bacterial strains’ resistance to traditional S?)tainggov%r\]’é ?15 gagrlgdu?\lljt éfsctrr]\((aem:cild). Sr?jt Erseseultusivwirfe
drugs has maintained and even increased the interest in thefrieth lamine weré addqed to a suspension of the ?mine in
chemistry of$-lactams. In addition, the new application of y P

B-lactam derivatives as inhibitors of prostate-specific anti- chioroform, followed by 3 equiv of 2-chloro-1-methylpyri-
gen?3 thrombin® human cytomegalovirus protefruman dinium iodide @) and stirring at reflux temperature for 2 h.

leukocyte elastaseand cholesterol absorptidiis another After cleavage and esterificatiofislactam6aawas obtained

i T . . in an overall yield of 69% (Table 1, entry 1).Yield
reason for the increasing interest in these kinds of com- .
ounds decreased when more equivalents of reagents were used or
P N o . ._an inverse additiof'*was attempted.

The importance of the application of solid-phase synthesis Althouah Staudinaer reaction has been studied exten-
fo fi-lactams has been recognized by asd others. The sivel th% recise r%echanism is still unclear. The most
favorite synthetic approach tg-lactams has been the o] u{:ﬂr ex FI)anation involves the reaction of ke’éﬁﬂwith
Staudinger reactiot?, which is a [2 + 2] cycloaddition bop X

between ketenes and imines. Acid chlorides are mostly usedthe imine o f(_)r_m a ZW'tt.e”O”'C m_termedlam (Schem_e 2)'
. . Alternatively, it is the activated acil that acylates the imine
as precursors of ketenes in solution phase, and they hav

. : eto form the zwitterionD after a proton abstraction by the
been reported for polymer-supported Staudinger reaétitsn. o .
. . . - base. In any case, this intermediate undergoes a conrotatory
However, acid chlorides are sometimes unstable or difficult . ) .
. . . ring closing to generate the thermodynamically less stable
to prepare. This is particularly important for the development . . . :

. o o . cisp-lactam 5. However, high sterical congestion and
of combinatorial libraries in which easy-to-handle reagents temperature can often lead to a mixturecid- and trans
facilitate manual parallel synthesis and require less sophis- -IaEtam
ticated equipment. Various acid-activating agents have beerﬁ Unpon .a ving the above conditions. the reaction of
applied to the generation of ketenes for the StaUdingerdiffefent alzii)rri/ings with different carbox ,Iic acid was ac-
reaction in solution-phase chemistry. Among them, complished (Table 1, entries—B). Good }[/o high isolated
Mukaiyama'’s reagent (2-chloro-1-methylpyridinium iodide) P ' ' 9

has been one of the most successfilpwever, its applica- yields were obtained_, with some improvement over the
tion to solid-phase synthesis has not been yet reported. repof‘ed yields, particularly fc_)r the\l-phthaloylglycme
As a continuation of our research on the solid-phase (entries 5 and 7). However, mixtures of- and trans -

synthesis of biologically interesting-lactam compounds lactams were found in some cases, particularly when the

toward the development of combinatorial librarfesyve 2-furyl imine was used (entries 4 and 8).

decided to investigate the use of 2-chloro-1-methylpyridinium Befamng in mind our purpose of developing fsohd'-phase
chemistry that can be applied to parallel synthesis using low-

* To whom correspondence should be addressed. &4 341 4370477. budget equipment, we carried out the reaction at room
E mail: emata@fbioyf.unr.edu.ar. temperature for 24 h. As expected, lower temperatures led

iodide as a key reagent for the construction of fHactam
ring in a stereoselective manner.
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Table 1. Solid-Phase Synthesis gfLactams Using 2-Chloro-1-methylpyridinium lodidé) (@s Acid Activating Agent

entry B-lactam R R? conditiong cis/trans ratid yield (%o)d
1 6aa PhO 4-MeOPh A cis 69 (68)
2 6ab PhO Ph A cis 85
3 6ac PhO 3,4-(MeO)Ph A cis 68 (78)
4 6ad PhO 2-furyl A 1:3 47 (48)
5 6ba phthaloyl 4-MeOPh A 25:1 71 (38)
6 6bb phthaloyl Ph A 17:1 74
7 6bc phthaloyl 3,4-(MeOyPh A cis 69 (45)
8 6bd phthaloyl 2-furyl A 251 55 (53)
9 6ac PhO 3,4-(MeOpPh B cis 74 (78)
10 6ad PhO 2-furyl B cis 42 (48)
11 6bb phthaloyl Ph B 20:1 72
12 6bc phthaloyl 3,4-(MeOpPh B cis 65 (45)
13 6hd phthaloyl 2-furyl B 8:1 48 (53)
14 6ca CH,=CHe 4-MeOPh A 1:1.5 40
15 6ca CH,=CHe 4-MeOPh C 1:1.8 64
16 6¢cb CH,=CHe Ph C 1:2 60

aA: reflux, 2 h. B: rt, 24 h. C: method A was repeated twit®etermined by integration of well-resolved signals in theNMR
spectra of the crude reaction mixtures prior to purificatifo@verall isolated yield after flash column chromatography of the methyl ester
(6) (based on the initial loading level of Fmoc-Giyvang resin ), five reaction stepsy Data in parentheses are reported yields; see ref
8d.¢In these cases, the starting aBidvas crotonic acid.

Table 2. Asymmetric Solid-Phase Synthesis®lactams Using 2-Chloro-1-methylpyridinium lodidé) @s Acid Activating
Agent

entry B-lactam R conditiong cis/trans ratid yield (%)>d
1 10a 4-MeOPh A cis 75 (78)
2 10d 2-furyl A 31 70 (46)
3 10a 4-MeOPh B cis 77 (78)
4 10b Ph B cis 79
5 10c 3,4-(MeO)Ph B cis 83 (45)
6 10d 2-furyl B cis 59 (46)
7 10e (E)-Ph-CH=CH B cis 42 (36)

aA: reflux, 2 h. B: rt, 24 h.’ Determined by integration of well-resolved signals in tieNMR spectra of the crude reaction mixtures
prior to purification. Other stereoisomers were not deteci€lerall isolated yield after flash column chromatography of the methyl ester
(10) (based on the initial loading level of Fmoc-GiyWang resin 1), five reaction steps) Data in brackets are reported yields; see ref 8d.

Scheme 2 Mukaiyama’s activated Staudinger reaction between crotonic
N T acid and the corresponding imine effectively gave, after
N el ) refluxing for 2 h, thea-vinyl-S-lactam 6ca in 40% vyield
Me 4 S ) and 1:1.5 cis/trans ratio (entry 14). This result contrasts with
e @OJ\/R‘ NE}ta 0:__ﬁf‘ our previous observation that similar solid-supported
R! Me A g 1 Staudinger reactions using crotonyl chloride gave no detect-
R2 able product. Crude product analysissoishowed that this
CO.H i . S :
Wl reaction was incomplete and that some imine had survived

3 2 N\o the cycloadition. Thus, a clear improvement in yields was

achieved when a second cycle of reagent addition and 2-h

HR? 4 R'HR? 4 reflux was attempted (entries 15 and 16).
RU&T@ E’O ]{9 Asymmetric synthesis on solid support is crucial for the
N LN : : T . )
S S, \0 generation of combinatorial libraries of novel optically active

carbacephems and other multicyghidactam derivatived’
Consequently, we decided to explore the solid-phase
Staudinger reaction of the homochiral 4-phenyloxazolidinyl-

R R\ ,R?
jf"' 0 7 acetic acid8!® with several aldimine$, using 2-chloro-1-
g N\)J\OME 5 N\o methylpyridinium iodide 4) as activating agent (Scheme 3).
5 The p-lactams10 were obtained in very high overall

isolated yields for the five reaction steps (Table 2). Diaste-
to products with better cis selectivity without decreasing the reoselectivity was also very high, detecting only one dia-
overall yield (entries 913). stereoisomer in all cases, with the exceptiorl®d (R? =
Particularly interesting is the synthesis afvinyl-(- 2-furyl), when 2 h of reflux conditions was used (entry 2).
lactams that became important targets after the discovery ofAs can be seen from Table 2, comparison to earlier research
the carbapenem antibiotics containing alkyl, hydroxyalkyl, indicates that the combination of oxazolidinylacetic a8id
or acetyl at thea position of theS-lactam carbonyt® and Mukaiyama’'s reagent is a better alternative to the
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corresponding acid chloride for the generation of libraries
by parallel solid-phase synthesis in terms of yields and
practicability, since the starting carboxylic acid can be easily

handled and stored.

In summary, we have described here a methodology that

provides an important series gflactam intermediates in a

concise and practical way that facilitates the development

of solid-phase libraries of biologically interestifiglactam

compounds, particularly for less equipped laboratories.
Moreover, it is expected that other important targets, such

as nonproteinogenic amino acif;ould also be efficiently

generated by this route. Application of this approach to the

generation of libraries of mono- and multicycjiclactams
is currently underway.
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