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Summary: TriCyclic triazolocephem and triazolopenam csxboqlic acids have been synthesised, 

but only the former exhibited antibacterial activity. 

Triazolocephems of type (1) have been shown 
2 
to possess a level of antibacterial 

activity that wss of sufficient interest for the investigation to be extended to the 

synthesis of related systems, in the hope of finding more potent derivatives. We now 

report the preparation of the isomeric system (2)3 and the triazolopenam (3). 

CO,H 
L 

(1) 

Freshly prepared 

afford the Schiff base 

CO-H 

R = PhOCH2CONR 

3_trimethylsilyl-prop-2-yna14 was condensed with the amine (4)5 to 

(5). Compound (5) was then treated with the mixed anhydride from 
I 

azidoacetic acid and trifluoroacetic snhydrideo, in the presence of triethylsmine, to 

afford the trans B-la&am (6)7 as a mixture of isomers (*) (4 : 1) (2@), and the two 

separable cis 8-lactams (7) (2 - : 1) (220/o), the minor component being crystalline, m.p. 

TO-72'C. 
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N 

0 3 
H* O ti CH3 

c O,CH,Q 

(4) 6) (6) R' = CEC-Si(CH3)JR2=H 

(7) R1=H,R2=CZC-Si(CEIj)3 

Removal of the trimethylsilyl group from (7) (Et4NF, THE'), followed by reduction' and 

acylation with phenoqyacetyl chloride provided the ethynyl derivative (8). Hydrolysis5 of 

(8) with YFb trifluoroacetic acid gave the enol (y), m.p. 11~-l16°C, v _ (Nujol) 3345', 

3260, 1780, 1755, 1695, and 1620 cm-'; 6(CDC13) 2.16(~, Me), 2.31 (d,J2He, CSH), 4.56 

(8, n’JE2), 4.59(dd, L 5 and =z, 4-H), 5.18 (a, CO@,Ph), S.Naa, LY and Sz, 3-H), 

6.8-7.4 (m, aromatics), l2.32(s, exch D*O,enolic OH). 

Conversion of (9) into the mesylate (10) activated the double bond towards nucleophilic 

attack and allowed the preparation (NaN3,DMF') of the vinyl azide (ll), as a mixture of 

geometric isomers, V_ 3400(~~), 3300(m'c-I$, 2120 (azide), 1785 (P-lactsm), 1730 (ester) 
-1 

1695 (amide), and 1630 (double bond) cm . 

(8) (9) 

R = PhOCH2CONH 

(10) X = OS02CH3 

(11) X = N3 

When (11) was heated at reflux in benzene for 15 min, smooth intramolecular 

cycloaddition occured to give the triazolocephem (12) in 49"h yield, A, (EtOH) 3Olnm 

(qvJ 9,500); v_ (WC1 ) 341O(NH), 1790(p-lactam), 1720 (ester), 1690 (amide) and 1630 

(double bond) cm". TZ e triazole (12) was presumably derived from the Z-isomer (II), 

thermal decomposition of the minor _Cisomer giving the azirine'(13) (12%). 
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R = PhOCH2CONH 

Hydrogenolysis of (12) over 100/o P&C in aqueous dioxsn gave the acid (2) as a white 
-1 

amorphous solid,)i_ (EtOH) 288m (cm 6400): V_ (KBr) 3400br, 1760, 1675', and 163Ocm ; 

~(cD~~D/D~~) 2.81(e,Me), 525(aa, J 5 and ~a. lHz, t,%lactam), 567(a, J Be, P-lactsm) 

6.5-7.5(m, aromatics), and 7.6 (a, J ca.lB, =CH in triazole ring). The material (2) 

was antibacterially active but the degree of activity was less than that observed in the 

isomeric series (1 )2. 

The azido-acetylene (14) was the key intermediate for the synthesis of the 

triazolopenam (15). 

HH/, 
f&f-+/’ 

A- 
0 

(14) R = PhOCH2CONR (15) 

NJ 
$2 

Accordingly the lactam (16) (71%) ws~ prepared & the standard ketene-imine 

cycloaddition route. Traces of m isomer (17) (0.25) were also isolated. Reduction of 

(16) followed by acylation and treatment with tetraethylammonium fluoride provided the 

acetylene (18) (90%), which was deblooked (Ce(NH4)2(N03)6 in aqueous W)" to give the 

azetidinone (19) (6096), m.p 190-191~~, Y_ (Nuj01) 3280, 3250, 1768, ana 1675 cm-'; 

6[(CD3)2SO] 3.45 (a, J 2Hz, GCH), 4.48 (da, J 5 and 2H2, 4-H), 4.58 (8, -CH2CON), 5.19 

(da, J 9 ana 5~12, 3-H), 6.8-7.4 (5'H, eromatics), 8.68(s,exch.D20,p-lactam NH), ana 8.92 

(a, L 9Hz. side-chain NH). 
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(16) R' = R, R2 = CEC-Si(CH3)3 

(17) R' = EC-Si(CH3)3, R2 = H (19) R = H - 

The azide (14) (1 : 1 mixture of epimers) was then prepared 
12 

and heated at reflux in 

toluene for 36h (1 mg ml 
-1 

, argon) to afford the triazolopenam (Is) (18%) as a single product, 

m.p. 168-170°c, v_ (CHC13) 3400 (NH), 1820 (p-la&am), and 1765 cm-'. The absence of 

coupling between the C-7 (65.72) and C-4 (66.49) in the 'H n.m.r. spectrum of (Is) indicated 

that the C-4 proton had the p- configuration 
12 . The C-4 proton also showed long range 

coupling u 0.9 Hz) to the other +lactam proton (6 5.33), which in turn displayed the 

expected coupling to the C-7 proton u 5.5 Hz), and allylic coupling (s 0.8 Hz) to the 

triazole ring proton (obscured by aromatics 8 6.8-7.4). Such selectivity in product formation 

has been observed previously in related systems, and has been attributed to steric factors 
12 . 

Recovered starting material (14) (30%) was essentially a single azide isomer. 

Catalytic hydrogenation of (Is) afforded the acid (3), V_ (KBr) 1805, 1745, 167$m-'. 

The product was not antibacterially active. 
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