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Abstract A practtcal method for the chemoselectwe synthems of amIdes m preseuce of the fi-lactatn nng has been 
described,, by an effictent couplmg reaction between a reactwe 2-pyndyl tbtolester tntenuedtate and a suttable N- 
alylamme 

In 1!986, researchers at Merck, Sharp and Dohme reported that sultably modified cephalosponns were able 

to mhblt, via a relatively stable acyl-enzyme denvative, the achon of the human leukocytes elastase (HLE),2 a 

senne protease enzyme responsible for the degradatmn of the connechve tissues m mflammatory diseases 3 

It would appear that a fundamental requirement for the activity of these low-molecular we@ mlubrtors, 

IS the presence of an amide, or a more I~pophd~c residue, at the C-2 of the cephalosponn nucleus 4-7 A number 

of useful methods already exist for the synthesis of amldes and peptldes 8 However, the presence of potentially 

senslhve functional groups, such as a Mactam nng, can affect the efficiency of the reactions. For example, m the 

preparation of N and N,N’- substituted C-2 carboxamldes of cephalosponns, low yields and a mixture of A3 and 

AZ Isomers were reported, wtile the correspondmg pnmary anudes have not been syntheslsed 5.9 

We descnbe herein a mrld, one-pot process for the chemoselecttve conversIon of a carboxybc acid A mto 

the correspondmg anude C VU a highly reactive Zpyndyl tiolester B.10 usmg an N-sdylamme as a nucleophlle 

(Fig 1) 
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Thus, when a senes of 2-pyndyl Uuolesters Intermediates B, generated m srtu by a rmld “oxtdatton-reduction 

condensatlon”,loa was treated with smtable N-sllylammes III dry CHzClz or CH$N, effklent and rapld 

reachons were found to occur avmg amides C, presumably vra a cycbc six-membered translhon state 

With a senes of l3-lactam substrates, the correspondmg anudes were isolated m good to excellent yields 

(Table 1) Moreover, It should be noted that even m the presence of a large excess of N-sdylammes neither the A2 

isomers nor products denvmg from nng opening of the l34actam were observed this can be ratlonahsed by 

consldenng the reduced basrclty and nucleophtbclty of N-srlylammes with respect to their lsostenc carbon 

analogues l1 

Table 1 

Entry Acid Anude Product Cond? Yleldb ( 4 4) 

2b R=Me R’=H A 97% (100 0) 
COOH tiONRR’ 2c R=R’=H A 86% (1000) 

lb 
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AB 
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___ 
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72% 

Although the reactron appears to be quite general and efficient, m some cases problems were encountered m 

separahng the resulting amides from the tnphenylphosphme oxrde generated as a by-product (Table 1 entnes 2d- 

h) As a means of overcommg this potentially sertous problem, the use of alternative reagents to 

tnphenylphosphme was mvestlgated Using tnbutylphosphme (Condltlons B), it was possible to isolate the pure 

amtdes 2a and 2d m good yield followmg a simple punficatlon by flash chromatography However m this case, a 
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partral A3 to AZ lsomensatmn occurred Presumably, this IS due to the increased baslclty of tnbutylphosphme 

compared to tnphenylphosphme 12 With the less basic tnethylphospiute (Comhhons C), no epimensatlon 

problems were observed while the reactlons mamtamed their efficiency Thus, A3 denvatlves 2a and 2d were 

obtamed m good yield 

Having overcome the preparative problems of replacing PPb with P(OEth, we studled the As/A2 

lsomensatlon phenomenon, well known m the synthesis of ester denvahves of cephalosponns 13 Table 2 

summanses the results for the synthesis of the N,N’-dlmethylamlde denvatlve 2n obtained from acid la with a 

senes of phosphmes and phosphates 

Table 2 

Entry PR3 Yield Rafio(4 4) v (cm-y 

1 P(c-G#ll) 99% 68 32 2056 4 

2 P(n-Bu )3 98% 78 22 20603 

3 P(o-7-003 97% loo 0 20666 

4 P(C6&)3 98% loo 0 20603 

5 P(OEQ3 82% 100.0 2076 3 

6 wcash 2085 3 

a V, (A ,) of NI(CO)~PR~ rn CH2Cl2 12, these fqgms are related to the electmnegaavlty of the phosphorous atom in the PR3 

lgands which decreases from Entry I to Entry 6 

It would appear that the A3 A2 raho IS dependent upon the baslclty of the drfferent phosphmes or phosphates 

used, moreover the lsomensatmn of the double bond can take place only at the Zpyndyl duolester mtermdate 4 

stage (Fig 2) 

Fig. 2 
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In fact, as camed out m an NMR tube under conQhons B and with C&C12 as solvent, an 80.20 rmxture of 

the two Zpyndyl tluolester Isomers 4 and 5 was observed. On addmg the N-tnmethyl~lylLmethyhunme, an 

Instantaneous and quanhtahve reaction occurred gvmg the correspondmg anudes 2 and 3 m the same ratlo, 

even m the presence of a large excess of the N-sllylamme. 

Hnally It IS Important to stress that the mildness of the described procedure, allowed to prepare the 

amldes k ,2f and 2b m 86%, 57% and 72% yield, never obtamed before, even though m tlus case the 

formation of these armdes from the correspondmg 2-pyndyl thlolester was slower (overmght, r t ). reflectmg 

the reduced sdylahng power14 of the HMDS compared to the N-tnmethylstlyldunethyhunme 

In conclusion a practical and highly efficient method for the synthesis of amides m presence of a 

potentially reactive B-lactam nng has been discussed Currently the synthesis of some novel p-lactam 

denvatives explolhng the described procedure IS m progress. 

Experimental Section 

Infrared spectra were recorded on a Bruker IFS 48 spectrometer 1H NMR spectra were recorded on a Vanan 

Umty 400 (400 MHz); the data are reported as follow chermcal shft m ppm from the internal standard Me& 

on b scale, mulhplictty (b = broad, s = singlet, d = doublet, t = tnplet, q = quartet, m = multiplet) and coupling 

constant (Hz). Ophcal rotation were determmed at 1=589 nm (sodmm lamp, D lme) on a Perkm-Elmer Model 

241 polanmeter. Chromatography was camed out with the use of Merck Slhca Gel 60 (2301u)o mesh) as 

described by St111 et al 15 Mass spectra were recorded on a VG4 Triple Quadrupole Fisons Instrument 

Meltmg points were determmed on a Kofler apparatus and are uncorrected All the reations were camed out 

under an atmosphere of argon m flame dned glassware. CH& and CH&N were used after &shllatlon from 

PzOs Reactions were momtored by analytical &n-layer chromatography (TLC) usmg Merck Slllca Gel 60 

F-254 glass plates (0.25 mm). 

General Procedures. 

Conditions A : 

To a magnetically s&red soluhon or suspenston of 0 43 mmoles of startmg matenal m 20 ml of dry CH$& or 

CH$N, were added, at room temperature over argon atmosphere, PPhs (0.22 g, 0.86 mmoles) and 2,2’- 

dlpyndyl drsulplude (0 19 g. 0 86 mmoles) portlowlse over lh, momtonng the disappearance of the starting 

matenal by TLC (EtOAc). 

A-l N-Tnmethyls~lyldtmethylamme (0 083 ml, 0 52 mmoles) was added dropwise to the yellow-colored 

solubon and the t~~&on mxture &red at room temperature for add~honal 10 mm The solvent was removed by 

evapotion and the remdue poured mto a rmxture of EtOAc (100 ml) and HCl5% (20 ml) The orgamc layer 

was separated and washed with NaOH 1N (2x20 ml), then witi bnne (3x20 ml) and finally dned over NazSO4 

The solvent was evaporated and the residue pun&d by flash chromatography (HexanesEtOAc 8 2 to EtoAc, 
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#ent) to give the pure final compound. 

A-2 Hexamethyldisrlazane (0 18 ml, 0 86 mmoles) or N,N’-bts(tnmethylsllyl)methylarne (0 19 ml, 0 86 

mmoles) were added dropwlse to the reachon mixture and the soluhon was stirred overmght at room 

temperature If the final am&s were patt~ally Insoluble m the reachon solvent, the white prec@ate was filtered, 

washed twice with Et20 and the mother hquors were processed as III the case A-l, to gve a second portton of 

final anude 

Conditions B: 

To a magnetically s&red solution or suspension of 0 43 mmoles of startmg matenal m 20 ml of dry CH&& or 

CH$N, were added over lh, PBu3 (0 18 ml, 0 73 mmoles) and 2,2’-dlpyndyl dlsulphde (0.16 g, 0 73 

mmoles), at room temperature under an argon atmosphere. The disappearance of the starting matenal was 

momtored by TLC (WAC) 

El N-TnmethylsdylQmethylamme (0 083 ml, 0.52 mmoles) was added dropwlse to the reachon mixture and 

the solution was strrred for a further 10 mm The solvent was removed by evaporation and the residue was 

worked up as m the case A-l 

B-2 Hexamethyidlsdazane (0 27 ml, 1 29 mmoles) or N,N’-bls(tnmethylsdyl)methylamme (0 28 ml, 1 29 

mmoles) were ad&d dropwlse to the reachon rmxture and the reachon mixture was s&red at room temperature 

overnight, then processed accordmg to the condltlons A-2 

Conditions C: 

To a magnetically stirred soluhon or suspension of 043 mmoles of startmg matenal m 20 ml of dry CH-$& or 

CH3CN were added, at room temperature under argon atmosphere over 1 h, P(OF& (0 12 ml, 0 73 mmoles) 

and 2,2’dlpyndyl dlsulphlde ( 0 16 g, 0 73 mmoies), checkmg the disappearance of the startmg carboxyhc acid 

denvahve by TLC (JZtOAc). 

C-l N-Tnmethylsrlyld~methyiamme (0 083 ml, 0 52 mmoles) was added Into the reactlon mixture and the 

solution was stlrred for addltlonal 10 mm The solvent was removed by evaporation and the residue was 

processed as m the case A-l 

C-2 Hexamethyldlsllazane (0 27 ml, 1 29 mmoles) or N,N’-b~s(tnmethylsdyl)methylamme (0 28 ml, 1 29 

mmoles) were added dropwlse to the solution and the reachon mixture was stIrred at room temperature 

ovemlght The CH,CI? was removed by evaporation and the residue was worked up accordmg to the reachon 

condlhons A-2 

(6R)-N,N’-Dimethgl-3-(methyl)-7b-(phenoxy-2-ecetamido)-8-oxo-5-thia-l-ezabicyclo 

[4.2-O.] act-2-ene-2-earboxamide 2a mp 178-180” C, [a] JJ - 19’ (c 0 7, CHCl,), IR (nuJo1) 1775, 

1678, 1645, 1642 cm-l, MS m/e 376 (M+l), 185,141, 1~ NMR (400 MHz, CDC13) 8 7.33 (m, 2H), 704 

(dt, IH), 694 (dd, 2H), 581 ( dd, lH, J, = 92 Hz, J2 = 4.8 Hz), 5.06 (d, lH, J = 4.8 Hz), 457 (s, 2H), 

3 51 (d, lH, J = 17 6 Hz), 3 07 (d, lH, J = 17 6 Hz), 3.08 (s, 3H), 3.07 (s, 3H), 1 79 (s, 3H) 
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(6R)-N-Methyl-3-(methyl)-7b-(phenoxy-2-acetrrmido)-8-oxo-5-tbia-l-azabicyclo [4.2.8] act 

-%ene-%carboxamide 2b. mp 245247” C, [a] D +913” (c 07, DMF), IR (nu~ol) 328’7, 3269, 1763, 

1678, 1647 cm-l, MS m/e 362 (M+l), 171,lH NMR (400 MHz, CDCD) 6 7 33 (dt, 2H), 7 04 (m, lH), 

6.93 (dd, 2H), 6 97 (bs, lH), 5.81 (dd, lH, Jt= 9 4 Hz, J2 = 4 9 Hz), 5 01 (d, lH, J = 4.9 Hz), 4.57 (s, 

2H), 3 45 (d, lH, J = 18 4 Hz), 3 13 (d, lH, J = 18.4 Hz), 2.91 (d, 3H, J = 4 9 Hz), 2.13 (s, 3H) 

(6R)-3-(Methyl)-7b-(phenoxy-2-acetamido)-8-oxo-5-thia-l-azabicyclo [4.2.0] act-2-ene-2. 

carboxamide 2c mp 216-218” C, [a] D +lOO” (c 07, DMF), IR (nu~ol) 3410,3300,3273,1763, 1670 cm- 

l; MS m/e 348 (M+l), 157, lH NMR (400 MHz, CDCI3) 6 7 34 ( m, 2H), 7.05, (m, IH), 6.93 (dd, 2H), 

585 (dd, lH, J1 = 9 2 Hz, J2 = 4 9 Hz), 5 55 (bs, lH), 5 03 (d, lH, J = 4 9 Hz), 4 58 (s, 2H), 3 51 (d, lH, 

J=186Hz),318(d,1H,J=186Hz),218(s,3H) 

(6R)-N,N’-Dimethyl-3-(methyl)-7b-(phthalimido)-8-oxo-5-thia-l-azabicyclo [4.2.0] act-2. 

ene-%carboxmide 2d mp 112-114” C, [a] i-~ +20 1” (c 0 7, CHCl,), IR (nu~ol) 1800, 1720, 1608 cm-l, 

MS m/e 372 (M+l), 371,326.W. 141, 1H NMR (400 MHz, CDCl~) 8 7 88 (m, 2H), 7 77 (m, 2H), 5 72 

(d, lH, J = 48 Hz), 5 16 (d, lH, J = 48 Hz), 3 51 (d, lH, J = 17 4 Hz), 3 25 (s, 3H), 3 12 (s, 3H), 3 11 

(d, lH, J = 17 4 Hz), 1 80 (s, 3H) 

(6R)-N-Methyl-3-(methyl)-7b-(phthalimido)-8-oxo-5-thia-l-azabicyclo [4.2.0] act-2.ene-2. 

carboxamide 2e: mp W-101” C, [a] D +314” (c 0 8, DMF), IR (nu~ol) 1778,1767,1720 cm-l, MS m/e 372 

(M+l), 187, 185; lH NMR (400 MHz, CDC13) 6 7 92-7 88 (m, 2H), 7 81-7 77 (m, 2H), 6.88 (m, lH), 

57O(d,lH,J=44Hz),513(d,lH,J=44Hz),360(d,lH,J=l54Hz),3~(d,lH,J=l54Hz), 

292(d,3H,J=48Hz),250@,3H) 

(6R)-3-(Methyl)-7b-(phthalimido)-8-oxo-5-thia-azabicgclo [4.2.0] act-2.ene-2.carboxamide 

2f mp 236238” C, [a] D +lO” (c 07, DMF), IR (nuJo1) 3402,3169, 1799, 1780, 1750, 1718, 1655 cm-l, 

MS m/e 345 (M+2), 344 (M+l), 343,298,157,1H NMR (400 MHz, CDCl3) 6 7 90 (m, 2H), 7 79 (m, 2H), 

6 94 (bs, IH), 5 72 (d, lH, J = 4 3 Hz), 5 48 (bs, lH), 5 15 (d, lH, J = 4 3 Hz), 3 65 (d, lH, J = 15 4 Hz), 

301 (d, lH,J= 154Hz),234(!3,3H) 

(5R) - N,N’-Dimethyl-3,3-(dimethyl)-6b-(phthalimido)-7-oxo-4-thia-l-azabicyclo [3.2.0] 

heptane-2a-carboxamide 2g mp 218-220” C, [a] D +277 6” (c 08, CHCI,), IR (nqol) 1784, 1769, 

1728, 1657 cm-l, MS m/e 375 (M+2), 374 (M+l), 346,187, 1H NMR (400 MHz, CDC13) 8 788 (m, 2H), 

7 75 (m, 2H), 5 81 (d, IH, J= 4 3 Hz), 5 67 ( d, lH, J = 4.3 Hz), 5 05 (s, lH), 3 14 (s, 3H), 3 00 (s, 3H), 

1 90 (s, 3H), I SO (s, 3H) 

(5R) - 3,3-(Dimethyl)-6b-(phthalimido)-7-oxo-4-thiP-l-azabicyclo [3.2.0] heptane-2a. 

carboxamide 2h mp 223-225’ C, [a] D + 289 4” (c 0 8, DMF), IR (qol) 3485,3333, 1798, 1760, 1728, 

1713 cm-l, MS m/e 346 (M+l), 159, 1H NMR (400 MHz, CDCI,) 8 7 88 (m, 2H), 7 76 (m, 2H), 642 (bs, 

lH), 5 50 (bs, 1H). 5 67 (d, lH, J = 4 3 Hz), 545 ( d, lH, J = 4 3 Hz), 4 51 (s, IH), 1 80 (s, 3H), 1.57 (s. 
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3H) 

(6R)- N,N’ -Dimethyl -3-(methyl)-7b-(pbenoxy-2-acetnmido)-8-oxo-5-thia-l-azabicyclo 

[4.2.0] act-3-ene-2wcarboxamide 3n mp 55-57” C; [a] D + 313" (c 0.8, CHC13); IR (UUJOI) 3450, 

1772, 1693, 1657, 1601 cm-*, MS m/e 376 (M+l), 185.1~ NMR (400 MHz, CDCl$ 8 741 (m, lH), 7.32 

(dt, 2H), 7 03 (dt, lH), 6.92 (d, 2H), 5 98 (m, lH), 5 73 (dd, lH, J, = 9 8 Hz, Jz= 4 1 Hz), 5 29 (d, lH, J 

= 4 1 Hz) 5 10 (bs, lH), 455 (dd, 2H), 3 23 (s, 3H), 3 00 (s, 3H), 1 79 (bs, 3H) 

(6R)-N,N’-Dimethyl-3-(metbyl)-7b-(phtha~im~do)-8-oxo-5-thia-l-azabicyclo[4.2.O]oct-3- 

ene-2u-carboxamide 3b 246-248” C, [a] mp D + 550” (c 0 5, CHQ), IR (nuJo1) 1786, 1772, 1728, 1655 

cm-*, MS m/e 358 (M+l), 187,171,1~ NMR (400 MHz, CDC13) 6 7 88 (m , W), 7.76 (m, 2H), 5.97 (m, 

lH), 5 61 (d, lH, J = 3 90 Hz), 5 41 (d, lH, J = 3 90 Hz), 5 28 (bs, lH), 3 30 (s, 3H), 3 03 (s, 3H), 185 

(bs, 3H) 
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